O0Js1ikoBa KapTKa aucepTaii

I. 3arasibHi BimOMOCTI

Jep>kaBHHH 00J1iKOBHI HOMep: 0523U100062
Oco006J1uBi TO3HAYKH: BinKpura

JaTa peectpamuii: 25-04-2023

Craryc: 3axumeHa

PexBi3utu Hakasy MOH / Haka3y 3aKjazy:

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. MinueB JMutpo CrennaHoBUY

2. Minchev Dmytro S.

KBasmigikamis: . . 1., 05.05.03

InenTudikarop ORCID ID: He 3acrocosyerbcs

Bup, pucepranii: nokrop Hayk

AcnipaHTypa//IOKTOpPaHTypa: Hi

IIIndp HaykoBOi crieniaIbHOCTI: 05.05.03

Ha3Ba HayKoBOi CIeniaIbHOCTI: [IBuryHu Ta eHepreTnyHi yCTaHOBKM
T'asy3p / rasysi 3HaHB. He 3aCTOCOBy€THCS

OcBiTHBO-HayKOBa Mporpama 3i creniaJbHOCTI: He 3acTocoByeTbCs
JaTa 3axHCTy: 20-04-2023

CrneniaJbHICTh 3a OCBITOIO: JBUT'YHYM BHYTPIlIHbOTO 3rOPSIHHS

Micue po6oTH 34,00yBava: Opechbkuii Hal[iOHAILHWI MOPCHKUI YHIBEPCUTET
Kopg 3a € IPIIOY: 01127777

Micuesnaxo,szeHHa: ByJl. MeuHikoBa, 6y1. 34, M. Ogeca, Onecbka 061, 65029, Vkpaina
dopma BaacHOCTI:

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBIiTH | HAayKu YKpaiHu

ImenTudikarop ROR: He zacrocoyerbcs



I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT
Iudp cnenianizoBaHoi BYU€HOI pagHy (Pa30Boi Creniaai30BaHOl BYEHOI paju). [l 64.050.13

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOHM: HaujoHanbHuMil TEXHIYHMIA YHiBEpCUTET "XapKiBChKUIA

MOJIITEXHIYHUN IHCTUTYT"

Kopg 3a €IPIIOY: 02071180

Micue3Haxoa>KeHHS: By Kupninyosa, 6yx. 2, M. Xapkis, XapKiBcbKuii p-H., XapkiBcbka 0651, 61002, Vkpaina
dopma BaacHOCTI:

Cdepa ynpaBitiHHS: MinictepcTBo oCBiTH i HayKu YKpainu

InenTugikarop ROR: He zacrocosyerscs

IV. BizomocTi nipo nmiznpueMcTBO, yCTaHOBY, OpraHisalliio, B sIKii 0yJ10

BUKOHaHO JHUCEPTALil0

IloBHe HaiMEeHYBaHHSI IOPHUAHUYHOI 0COOHM: OfieChKuil HAL[IOHAILHYI MOPCBKUIA YHIBEPCUTET
Kopg, 3a €IPIIOY: 01127777

Micue3HaxoaKeHHS: ByJI. MeuHikoBa, 6y1. 34, M. Ogeca, Opecbka 061, 65029, Vkpaina

dopma By1acHoCTI:

Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

V. BimomocTi npo guceprauiio
Mosga guceprarii:
Koau TemaTHYHHUX PYOPHK: 55.42, 81.83.20

Tema gucepranii:
1. MeToay IiarTHOCTUMKY TEXHIYHOT'O CTAHY JBUTYHIB BHYTPIIIHBOTO 3rOPSIHHS 3 BUKOPUCTAHHSM LHAQPOBUX
NIBIMHUKIB

2. Diagnostic Methods for Internal Combustion Engines Technical Condition Assessment using Digital Twins

Pedepar:

1. MeTa mocigkeHHs - po3po0bKa TEOPETUYHUX METO/IB Ta IPAKTUYHUX 3aCO0iB MOHITOPUHTY Ta JIialrHOCTYBaHHS
TexHiYHOTO cTaHy IB3 3aco6iB TPaHCIIOPTY, SIKi LO3BOJISATH MiABUIIATYA OOCSITHY AiarHOCTUYHOI iHpopmaliii BKIIIOYHO
3 [1lapaMeTpamu poboYuX NPOLECiB i He BUMaraloTh BTPy4aHHs B KOHCTPYKIIilo ABUTYHA Ta Hioro cucteM. Haykosa
HOBHM3HA pOOOTH HACTYIIHA: 3aIIPOIIOHOBAHI METOAU MOHITOPUHTY Ta [IiarHOCTYBaHHS TEXHIYHOro cTany [1B3 3acob6iB
TPAHCIIOPTY 3 3aCTOCYBaHHIM MaTeMaTUYHOTO MOJIE/IIOBaHHS 06’€KTa [IiarHOCTYBaHHS, 10 O3BOJISIOTH 3611bIINTY
obcsr piarHocTryHOi iHdopMauii; po3pobseHi METOAM O3BOJISIOTh BPAXOBYBATH POOOTY arperaris HaJayBy
IBUI'YHA B TOMY YMCJIi IIPU [TIOMIIaKi CUCTEMU CTUCHEHHS; IOBEIeHUI iCTOTHUI BILJIMB TENJIOBOI iHEPLii Ha poboTy
IBUTYHA HA HEYCTAJIEHUX PEXXMMAX, a TAKOX 3alIPOIIOHOBAHI METOM ii BpaxyBaHHSI; BUSBHAYEHMI pallioHaIbHUI
piBeHb JeTanisalii MOJeI0BaHHS po604yoro npouecy ABUTYHA 1711 PO3B’si3aHHSI 33/1a4 TEXHIYHOTO MOHITOPUHTY B

npoueci excrtyartatii. [IpakTryHa LiHHICT, PO6OTHU I0JISITA€ B CTBOPEHHI porpamHoro cepsicy Blitz-PRO,



IOCTYITHOTO OHJIAMH Yepe3 MepeXy iIHTEPHET, IPU3HAYEHOT0 [J14 3[iICHEHHS IIPOLELYD MOHITOPMHIY Ta
IiarHOCTYBaHHS TeXHiYHOro cTaHy [B3 3aco6iB TpaHCIIOPTY, HAKONINYYBaTH CTATUCTUYHI JaHi o0 po6ovoro
IIpolLieCcy ABUTYHA MIPOTIrOM eKCIIyartallii 3aco0y TpaHcropTy. Kitouosi ciioBa: uudpoBuil IBiiHUK, MOHITOPHHT,
IiaTHOCTMKA TEXHIYHOT'O CTaHy, IBUTYH BHYTPIlIHbOT'O 3TOPSIHHS, CUHTE3 POO0YOro MpoLecy, MaTeMaTU4He

MO/IEJIIOBAHHS, HEYCTaJIeHi PEKMMHU POOOTH, OHJIANH CEPBIC.

2. The purpose of the paper is to develop the theoretical bases and practical tools for internal combustion engines
(ICE) technical monitoring and diagnostics issues, which meet the requirements of industry 4.0, allowing
increasing the volume of diagnostic information, including the parameters of the operating processes, and don’t
require any intervention in the engine design and operation. The first chapter deals with the review of the
perspectives of ICE application for transport vehicles, which proved vast usage of this type of engines at least until
2050, while for the marine ships ICE remains the only alternative until 2040. To increase the efficiency of the
engine operation during its lifetime, the technical monitoring is applied and helps to control the engine conditions
in the interval between scheduled maintenance. The application of the engine digital twins, based on advanced
mathematical models, has significant potential in terms of extracting more information from the monitoring data
and could also be applied for possible malfunctions diagnosis, as it is shown. The second chapter shows the
development of the ICE mathematical model, which is adopted for the technical monitoring and diagnostics tasks.
The decomposition of the engine as the set of interacting open thermodynamic system (OTS) is presented.
Different kinds of models are applied to every OTS: quasi-steady 0D single and double zone models for cylinders
and manifolds; unsteady 1D model for intake and exhaust pipes; heuristic models for compressors and turbines.
The different models coupling issues together with the development of efficient numerical methods for solving the
sets of equations are also considered. In particular, the variable step computational mesh application helps to
increase the calculations speed and to provide necessary detailing of calculations at specific regions. The problems
of the centrifugal compressor unstable behavior assessment are also addressed. The third chapter reveals the
peculiarities of the ICE transient behavior as the part of the transport vehicle power plant and the methods of
engine transient simulation for monitoring issues. The effect of thermal inertia is considered in details as it has a
significant effect on the parameters of engine operation. The fourth chapter shows the results of experimental
study of the ICE operation at the laboratory conditions. The experimental data, which includes engine steady and
transient operation trials, was used for mathematical model calibration and approval of calculation capabilities.
The fifth chapter is devoted to the development of the Blitz-PRO online ICE digital twins service and the methods
of its application for the ICE monitoring and diagnostics tasks. The application of the developed methods for the
automotive engines monitoring helps to identify the experimental data, collect statistics and make diagnostics
related to possible engine malfunctions. As for the main marine engines diagnostics tasks, the Blitz-PRO service is
implemented into the DEPAS diagnostic system and proved to be useful tool for the experimental data advanced
analysis. The sixth chapter deals with the influence of various factors on the transport vehicle ICE operation in
terms of its operational efficiency rising. The scientific novelty of the work is as following: - the methods of ICE
technical condition monitoring and diagnosing are proposed, which apply digital twins of the diagnosis object and
help to increase the amount of diagnostic information without interruption into engine design; - the developed
methods allow to consider the ICE supercharging units’ operation, including compressor rotating stall and surge
behavior; - the significant influence of thermal inertia on the engine transient operation is proved, and the
methods of its account are developed; - the rational level of detailing of the engine operating cycle simulation
model for the technical monitoring tasks is defined. The practical value of the work is a release of the software
service Blitz-PRO, available online via the internet, which is developed to monitor and diagnose the of the vehicles’
ICE technical condition, collect statistics of engine parameters change during operation of the transport vehicle.
Key words: digital twin, technical monitoring, technical state diagnostics, internal combustion engine, operating
process synthesis, mathematical simulation, unsteady operation, online service.
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