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Tema (YKp.)
MeTonu [1iarHOCTUKY TEXHIYHOTO CTaHy JBUTYHIB BHYTPIlIHbOTO 3rOPSIHHA 3 BUKOPUCTAHHSIM IU(QPOBUX ABiMHUKIB

Tema (aHrs.)

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

Pedepar (YKp.)

Merta nocmifkeHHs - po3pobKa TeOPETUYHMX METOJIB Ta MPAKTUYHUX 3aCO0iB MOHITOPMHIY Ta J[iarHOCTYBaHHS TE€XHIYHOTO CTaHy
B3 3aco6iB TpaHCIIOPTY, $Ki AO3BOJISATh MiABUIIMTUA OOCSTM AiarHOCTUYHOI iHQopmalii BKIIOYHO 3 NmapameTpaMmu poOOYUX
NpolLeciB i He BMMAaraloTb BTPyYaHHsS B KOHCTPYKIIO [BUTyHA Ta Horo cucrem. HaykoBa HOBU3HA POOOTU HACTyIHA:
3aIIPONIOHOBAaHi METOAM MOHITOPMHTY Ta [iarHOCTYBaHHS TeXHi4yHOro craHy [IB3 3aco6iB TpaHCIOPTY 3 3aCTOCYBaHHSM
MaTeMaTUYHOTO MOJIE/IOBAaHHSI O00'€KTa JiarHOCTYBaHHS, IO JO3BOJISIIOTb 30I/MBIIMTU OOCSAT MAiarHOCTUYHOI iHQopMariii;
po3po6JIeHi METOAM [O03BOJISIIOTH BPAaxOBYBaTM POOOTY arperariB HafAyBy ABATYHA B TOMYy 4YUCJi NPU IMOMIAXi CUCTEMHU
CTUCHEHHS; I0BeJJleHNI iCTOTHUIH BIIMB TEIUIOBO] iHepLlii Ha poOOTy IBUTYHA HA HEYCTAJIEHUX PEeKMMaX, a TaKOX 3allPOIIOHOBAaHI
Meronu il BpaxyBaHHS; BU3HA4Y€HHUI palliOHaJbHUM piBeHb [eTajisalii MOJesI0OBaHHS PpOOOYOro IPOLEeCy MABUTYHA [JIst
pO3B'sSI3aHHS 3374 TEXHIYHOTO MOHITOPMHTY B mpoueci excrutyaranii. [IpakTuyHa ILiHHICTP POOGOTH MOJSITAa€E B CTBOPEHHI
nporpamHoOro cepsicy Blitz-PRO, pmocTynHOro oHsailH 4epe3 MepexXy iHTEpPHET, IMPU3HA4YE€HOro MJisl 3[iHCHEHHS IIpoLenyp
MOHITOPUHTIY Ta IiarHOCTYBaHHS TeXHiYHOro craHy JIB3 3aco6iB TpaHCIIOPTY, HAKOMMWYYBATH CTATUCTUYHI JaHi moAo po6ovyoro
MIpOlieCy ABUTYHA IPOTSArOM eKcIulyaraliii 3acoby TpaHcnopty. Kiio4uoBi cyoBa: nudpoBUil [IBIHMK, MOHITOPHUHT, IialrHOCTHKA
TEXHIYHOTO CTaHy, ABUTYH BHYTPIlIHBOTO B3TOPSIHHS, CHMHTE3 POO0YOro Mpoliecy, MaTeMaTH4yHE MOJIEJIIOBAHHS, HEyCTaseHi

pekuMU po6OTH, OHJIAMH CEpPBiC.
Pedepar (aHr1.)

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 OD 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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