HanioHanpHuN TEXHIYHHNA YHIBEPCUTET
«XapKiBCHbKHUHU TMONITEXHIYHUN IHCTUTY T

MiHicTepcTBO OCBITH i HAyKH Y KpaiHu

KBanidikaniiina HaykoBa mparis
Ha [IpaBax pyKOIHCY

APIAH PACVYJI
YIK 621.431.3:004.896

JUCEPTAIIA

[TIJIBUILIEHHS E®GEKTUBHOCTI MOJIEJIFOBAHHS
TEIJIOHAITPY>KEHOI'O CTAHY ITOPIIIHIB /IB3
B BATATOETAITHIN CAIIP

CrneunianpHicte 05.05.03 — ABUT'YHH Ta eHEpPreTUYHI YCTaHOBKU

ITomaeTbes Ha 3M00YTTS HAYKOBOTO CTYIIEHS KaHIUAaTa TEXHIYHUX HayK

Jluceprariis MICTUTh pe3yJNbTaTH BIACHUX JOCHiIKeHb. BUKOpHCTaHHS 1neH,
pezypMaYiB i TEKCTIB IHIINX aBTOPIB MAOTh IIOCHJIAHHS Ha BIIOBIIHE JUKEPETIO

HaykoBuii kepiBHuK — [TuisoB Bosmogumup OnekcaHApOBHY, JOKTOP TEXHIYHHX

HayK, pogecop
e Erred & JReeeesoy

Apian Pacyn

?290

Sl &
,L”w"

7. 052, /3
Joteot O 7
A G .o-zﬂ/;/

XapkiB — 2017



AHOTALIA

Apian Pacyn. IlinBumenHs €eKTHBHOCTI MOJCIIOBAHHS TETUIOHATIPYKEHOTO
crany nopiHiB JIBC y 6aratoeranuiit CAIIP. — KBamidikamiitna HaykoBa mpalis Ha
paBax pyKOIMucy.

Jucepraiiss Ha 3100yTTS HAYKOBOI'O CTYNEHs KaHAMJaTa TEXHIYHUX HAyK 3a
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Huceprariiiina pob6oTa mpuCBsiU€HA aKTyaJbHOMY MUTAHHIO —IPOTHO3YBaHHIO
TEIJIOHANPY>KEHOTO0 CTaHy Ta BTPATH MIITHOCTI MOPIIHIB JBUTYHIB BHYTPIIIHBOTO
sropssHHsL 'y CAIIP. AkrtyanbpHiCTh poOOTH MOJSArae y MIABULIEHHI €()EKTUBHOCTI
poliecy MPOEKTYBaHHS HA OCHOBI JOTPUMAHHS KOHIICMIIIl FapaHTOBAHOTO 3abe3re-
YEHHS pecypcy KOHCTPYKIIi P 3MEHILIEHHI TOBEPHEHb HA MOMNEPEIHI €TaK IPOeK-
TyBaHHS 3 TUX YM 1HIIUX NPOHJAEHUX €TaIllB.

Bumorn 10 moka3HHUKIB JBUTYHIB BHYTPIIIHBOTO 3TOPSIHHS 3 KOKHUM POKOM
CTaIOTh BC€ OUIBLI XKOPCTKUMU. OJTHAK 3pOCTaHHS €(PEKTUBHOCTI ABUTYHIB IPUBOJIUTH
JI0 TIOTIPIIIEHHS TeIUIOHANPY>KEHOTO CTaHy iX netaned. HalOuibimuii BrumB mipu (op-
CYBaHHI JIBUTYHa BiJl4yBa€ Ha co0i kamepa 3ropsiHHs. Came po3TpiCKyBaHHS KPOMOK
MOPUIHIB € OJIHIEIO 3 MPOOJIEM, IO 3arOCTPIOETHCS MPU (POPCYBAHHI IBUTYHIB.

3arocTpeHHs MpoOJeMU PO3TPICKYBaHHS OCOOJIMBO TEPMOHABAHTAXKCHHUX 30H
NOPIIHIB MOB’SA3YI0Th 3 IX MEperpiBaMu Ta YaCTUMHU M PI3KMMH 3MIHAMU HABaHTa-
YKEHb JBUTYHIB B eKcIuTyartauii. Po3B’s13aHHA 03HaueHOi MpoOIeMu 3IIHCHIOETHCS 3a
IIUPOKUM CIIEKTPOM HAMpSIMIB Ta PillleHb, 10 MPOJIYKYE 3a1adi BUOOpPY HAMOLIBIIT
palliOHAJIBHOTO 3 HUX 4Yepe3 ypaxyBaHHs (DAKTOpiB, IO BIUIMBAIOTh Ha MIIHICTh
KOHCTPYKIIi.

Buxopuctannst CAIIP JIB3 noBMHHO rapaHTOBaHO 3a0e3MevuyBaTH TEPMIH €KC-
IuTyaTallii JIBUTyHa, IpOTe BUHUKHEHHs TPIIIUH B KaMepax 3rOpsSiHHS MOPILHIB B €KC-
TuTyaTarii CBIIYUThH MPO HASBHI BIIXWJIEHHS BiJ KOHIIEMIIT rapaHTOBAHOTO 3abe3me-
YEHHS MIITHOCTI B METOJIUKAX 1 MOJAECJISX, 1110 3aCTOCOBYIOTKCS IT1]] 4aC MPOCKTYBaHHSI.

AHaJT3 MATaHHS 1M0Ka3aB, 10 HAsSBHI BIIXUJICHHS BiJ] KOHIICTII{ii rapaHTOBAaH O-

ro 3a0e3neYeHHs MIITHOCTI B METOJAMKAX 1 MOJIETISIX, 110 3aCTOCOBYIOThCS, TTOB’sI3aHi 3
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MO>KJIMBHM HEOOIPYHTOBAHUM PiBHEM MPUMYIIEHb Ta CIPOIIEHb BXITHUX, 30BHIII-
HiX, BHYTPIIIHIX Ta BUXIHUX MTapaMeTPiB MOJIENEN Ta, BIAMOBIAHO, 3 HEOOIPYHTOBA-
HUMHU MaplHIpyTamMH MPOEKTYBaHHSI.

VY poboTi 371CHEHO aHali3 Cy4aCcHOIrO CTaHy METOJIB, MOJENEH 1 METOJIUK
MIPOTHO3YBAHHS TEPMOHAIPYKEHOTO CTaHy Ta PECYpPCYy KPOMOK Kamep 3TOpSHHSI TM0-
puIHiB (pOpCOBaHMX ABUTYHIB, MapHIpyTiB mpoxokeHHs npoekTiB y CAIIP; Buko-
HAHO CKCIIEPUMEHTAIBHE JOCITI/DKCHHS IMOA0 YIOCKOHAJICHHS MOJENl TPaHUYHUX
yMOB 3-T0 pOJy 3aJiaui TeTUIONPOBITHOCTI MOPIITHS; BCTAHOBJIEHO OCOOJIMBOCTI 3MIHU
TEMITEpaTypHOTO Ta TEPMOHAIPYKEHOTO CTaHy B KOJIOBOMY HaIpsiMi KPOMKH KaMepH
3TOPSIHHS 3 YpaxyBaHHSIM 3MIH T€OMETpIi MOPIIHA Ta piBHSA (OPCYBaHHS JBUTYHA,;
BJIOCKOHAJICHO METOJMKHU MTPOTHO3YBaHHS PECYPCY KPOMOK KaMep 3ropsiHHSA MOPIIIHIB
Ha [MOYATKOBUX €Tanax MpoXoKeHHs npoekTy B OaratoeranHiiit CAIIP; Ha npukiasl
nopirHs au3enss 44H12/14 BuzHadueHO pe3epBH IiIBUIIICHHS PECYPCY.

[IpoBeneHi JOCHIPKEHHS JO3BOJIMJIA ITJABHUINCHHS €(EKTUBHOCTI IIPOIECY
MPOCKTYBAHHS 31MCHIOBATH HAa OCHOBI KOMIUJIEKCHOTO aHaJli3y I[0/I0 MPUITYCTUMOTO
CIPOIIEHHSI TEOMETPUYHOI Ta PO3PAXYHKOBOT MO/JIEeil, MOeIi eKCILTyaTallii IBUT Y-
Ha Ta BIAMOBIAHUX J0 HEl rPaHUYHUX YMOB 3aJ1aul TeIUIOMPOBITHOCTI MOPIIIHS.

[TpoBeneni qOCHIKEHHS JO3BOJIMIN YOCKOHAIUTA MOJIENIb TPAHUYHUX YMOB
3-ro poay 3aja4l TeIIonpoBIIHOCTI mopiiHs. OgHUM 3 BaroMux (pakTopiB BILUIUBY €
KyT BUIEpEIKEHHs Mojayi nanuBa. Yepes 11e Oys0 3anponoHOBAHO 3aJIEKHICTh JIO-
KaJIbHOTO T10 MOBEPXHI KaMepu 3ropsiHHSA KOeQiIi€HTY TEIUIOBiAayl, iKa BPaXOBYe
KYT BUIIEpEIKEHHS Mojavi nainuBa. Ha miaTBeppKeHHS BIAMOBITHOCTI BUKOPUCTAHHS
MaTeMaTUYHUX MOJENIeH Ta JyIs 1IeHTUdIKaIlli TpaHUYHUX YMOB B POOOTI MPOBEICHO
eKCIIepUMEHTAIbHE JAOCTIHKEHHS TEMIIEPATYPHOTO CTaHy MOPIIHS JU3EIHLHOTO JBH-
ryna 44H12/14. Marepian nopuast — amominieBuid cmia AK12M2MrH. Ouineno
BILJIMB KyTa BUIIEPEKEHHS MMOj[a4l MaJIiBa HAa TEPMOHAIPY>KEHUN CTaH Ta BTPATy Mi-
ITHOCT1 KPOMKHU KaMepH 3TOPSHHSI TIOPIITHSL.

[IpoBeneHi JOCIIIKEHHS T03BOJIMJIM BU3HAYUTU BIUIUB PIBHIB CIIPOIICHb I€0-
MeTpii, TPAHUYHUX YMOB TETUIOMPOBIIHOCTI MOPIIHS Ta piBHSA (OPCYBaHHS JIBUTYHA

Ha pe3yJibTaTH PO3PAXYHKY TEMIIepaTyp, TEPMIUYHUX HaIPY>K€Hb Ta HAKOMMYEHUX



3

MOIIKOKEHb B 30HI KPOMKU Kamepu 3ropsiHHs nopurs. [Tokazano, 1o nokambH1
3MIHHA T€OMETPii BOTHEBOI MOBEPXHI MOPIIHS MOXYTh MPUBOJUTH JI0 Pi3HOHAMPABII e-
HUX 3MIH TEMIIEPATYpPHOTO Ta TEPMOHANPYKEHOTO CTaAHY TAKUX 30H.

[TpoBeneni qochiKeHHs TO3BOIMIN YTOYHUTH METOINKY IPOrHO3YBAHHS Ha-
KOIWYEHHS TOIIKO/KEHb B MaTepialll MOPIIHS, PO3POOUTH peKOMEH allli 040 BH-
O0Opy BH3HAUAJIBLHOTO PEXUMY HaBAaHTAXEHHS JIBUTyHa. B X0z MOCHiKEHHS OTpHU-
MaHO HaWOIBII €KOHOMIYHY MOJIEh €KCIUTyaTallll ABUTYHA, 1110 BINOBI/Ia€ KOHIET-
111i rapaHTOBAHOTO 3a0€3MEUYCHHS MIITHOCTI KOHCTPYKIIIi.

JlocnmiKeHHsT T03BOJIMJIO Ha OCHOBI aHali3y OTpHUMaHUX OaraToBaplaHTHUX
PO3paxyHKIB YOCKOHAIUTH CXE€MY MOCJIIIOBHOCTI €TalliB aHali3y TEIIOHAMPY>KEH O-
CT1 MOPUIHS HA MOYATKOBHUX €Tarax WOro MpoeKTyBaHHA. BiAMOBIIHO y1OCKOHAIEHO
METOIMKY IIPOXOJIKEHHS NMpoeKTy nopiuHsa B OaratoeranHiii CAIIP npu nonmycrtumiii
MiHIMI3allli BUTPAT 4acy Ha MOYATKOBUX €Tanax MpOeKTyBaHHS.

Ha nmpuknani nuzens 44UH12/14 npoananizoBaHO BIUIMB KOHCTPYKTUBHHUX 3a-
XOJIIB Ha pIBEHb TEMIEpaTyp, TEPMIYHMX HAMNPYKEHb 1 MIHOCTI KPOMKHA KaMepHu
3rOpsiHHA. 3 BHUKOPUCTAHHSIM 3alpOlOHOBAHOI CXEMH peali30BaHO aHaji3 TPbOX
KOHCTPYKIIM MOPIIHIB, Bl 3 SIKMX, 3 BAOCKOHAJEHUMHU MOPOKHUHAMU TaJIePEHHOrO0
MAacCJISIHOT'O OXOJIOJKEHHSI, 3aI1aTE€HTOBAHO.

Po3pobiieni Mmojeni, METOMKH Ta HaJlaHI PEKOMEH/IAIli I03BOJISIOTh 31HCH IO-
BaTU YTOYHEHE IMPOTHO3YBAaHHS TEIUIOHAINPY>KEHOCT! MOPIIHIB JBUTYHIB BHYTpILI-
HBOTO 3TOPSHHS 332 KOMILJIEKCOM KPUTEPIiB iX TEIUIOHANPY>KEHOCT! TP TOTPUMAaHHI
KOHIIEMIIiI TapaHTOBAHOTO 3a0€3MEeUeHHsI pecypcy Ha MOYaTKOBUX eTarmax aHami3zy
KOHCTpYKIIi# B OaratoetanHiii CAIIP.

Pesynbratn JOCIIIKEHHS BUKOPUCTOBYIOThCS B [IIMam
iM. A.M.Iliaropaoro HAH VYkpainu, a Takox B IPaKTHUIll HAYKOBUX JOCIIKEHb Ta B
HaBYaJIBLHOMY TIpolieci kadeapu IBUTYHIB BHYTPIIHbOTO 3ropstHAS HTY «XT1I».

KittouoBi ciioBa: mopiieHb, TEIUIOHANPY>KEeHA 30Ha, BTpaTa MIIIHOCTI, TapaHTO-
BaHe 3a0e3meueHHs pecypcy, TpaHUYHI YMOBH, MaTeMaTHYHE MOJCIIOBAHHS, MOJIEIb

eKCIUTyaTaIlii, MapuIpyT npoekTyBanHs, 6aratoerammna CAIIP.
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ABSTRACT

Aryan Rasoul Improvement of the simulation of the heat-stressed state of in-
ternal combustion engine (ICE) pistons in a multi-stage CAD/CAE. - Qualifying sci-
entific work on the rights of manuscripts.

Dissertation for obtaining the scientific degree of the candidate of technical
sciences in the specialty 05.05.03 "Engines and Power plants™. - National Technical
University "Kharkiv Polytechnic Institute”, Kharkiv, 2017.

The dissertation is devoted to the actual issue - forecasting of the heat stressed
state and loss of strength of internal combustion engine pistons in CAD/CAE. The
urgency of the work is to increase the efficiency of the design process on the basis of
observance of the concept of guaranteed maintenance of the design resource with a
reduction of returns to the previous stages of designing from those or other stages
passed.

Requirements for indicators of internal combustion engines are becoming in-
creasingly rigid every year. However, the increased efficiency of engines leads to a
deterioration of the heat-stressed state of their parts. The greatest impact on the en-
gine's engine is felt on its own combustion chamber. It is the cracking of the piston
edges that is one of the problems that exacerbates when engines are thrown.

The aggravation of the cracking problem of especially heat-charged zones of
pistons is associated with their overheating and frequent and abrupt changes in the
loads of engines in operation. The solution of this problem is carried out in a wide
range of directions and solutions, which produces the tasks of choosing the most ra-
tional one, taking into account the factors that influence the strength of the structure.

The use of CAD/CAE, ICE should be guaranteed to ensure the life of the en-
gine, but the occurrence of cracks in the combustion chambers of the pistons in op-
eration indicates the existence of deviations from the concept of guaranteed durability
in the techniques and models that are used during the design.

The analysis of the question showed that the existing deviations from the con-
cept of guaranteed durability in the applied methods and models are related to the

possible unreasonable level of assumptions and simplifications of the input, external,


http://www.babla.ru/%D0%B0%D0%BD%D0%B3%D0%BB%D0%B8%D0%B9%D1%81%D0%BA%D0%B8%D0%B9-%D1%80%D1%83%D1%81%D1%81%D0%BA%D0%B8%D0%B9/internal-combustion-engine
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internal, and output parameters of the models and, accordingly, unreasonable design

routes.

In the work the analysis of the current state of methods, models and methods of
prediction of the thermo-stressed state and resource of the combustion chamber edges
of the pistons of forced engines, the routes of passing the projects in the CAD/CAE;
an experimental study was carried out on the improvement of the model of boundary
conditions of the third kind of the problem of the heat conductivity of the piston; the
peculiarities of the change of temperature and thermo-stressed state in the circular di-
rection of the edge of the combustion chamber, taking into account the changes in the
piston geometry and the level of engine forcing, are established; methods of forecast-
ing the resource of the edges of the piston combustion chambers at the initial stages
of the project passage in multi-stage CAD/CAE were improved; on the example of a
4CHN12/14 diesel piston, resource reserves have been set.

The conducted studies allowed to increase the efficiency of the design process
on the basis of a comprehensive analysis of the permissible simplification of geomet-
ric and calculation models, the model of operation of the engine and its correspond-
ing boundary conditions of the problem of heat conductivity of the piston.

The conducted studies allowed to improve the model of boundary conditions of
the third kind of the problem of the heat conductivity of the piston. One of the im-
portant factors of influence is the angle of advance of fuel supply. Due to this, the de-
pendence of the heat transfer coefficient local on the surface of the combustion
chamber was proposed, which takes into account the angle of advance of fuel supply.
An experimental study of the temperature state of the diesel engine piston
4CHN12/14 was carried out to confirm the use of mathematical models and to identi-
fy the boundary conditions in the work. Material of the piston - aluminum alloy
AK12M2MgN. The effect of the fuel advance ahead of the thermo-stressed state and
loss of strength of the piston comb.

The conducted studies allowed to determine the influence of levels of simplifi-
cations of geometry, boundary conditions of the conductivity of the piston and the

level of engine forcing on the results of calculating the temperature, thermal stress
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and accumulated damage in the zone of the edge of the combustion chamber of the

piston. It is shown that local changes in the geometry of the piston's fire surface can
lead to various-directional changes in the temperature and thermo-stress state of such
Zones.

The conducted studies allowed to clarify the method of forecasting the accu-
mulation of damage in the material of the piston, to develop recommendations for
choosing the determining mode of loading of the engine. During the study the most
economical model of operation of the engine was obtained, which corresponds to the
concept of guaranteed durability of the construction.

The research allowed on the basis of the analysis of the multivariate calcula-
tions to improve the scheme of the sequence of stages of the analysis of the heat
stress of the piston at the initial stages of its design. Accordingly, the method of pass-
ing a piston project in a multi-stage CAD/CAE system has been improved with al-
lowable minimization of the time expenditures at the initial stages of designing.

On the example of a 4CHN12/14 diesel engine the influence of design
measures on the level of temperature, thermal stresses and the strength of the edge of
the combustion chamber is analyzed. Using the proposed scheme, an analysis of three
piston designs, two of which, with improved cavities of the gallery oil cooling, was
patented.

The developed models, methods and the given recommendations allow to carry
out the refined prediction of heat stress of pistons of internal combustion engines on a
complex of criteria of their heat stresses under the concept of guaranteed maintenance
of the resource at the initial stages of the analysis of constructions in a multi-stage
CAD/CAD.

The results of the study are used in IPMasch them A.M.Pidgorny of the Na-
tional Academy of Sciences of Ukraine, as well as in the practice of scientific re-
search and in the educational process of the Department of Internal Combustion En-
gines NTU "KhPI",

Keywords: piston, heat-stressed zone, loss of strength, guaranteed resource

supply, boundary conditions, mathematical modeling, operation model, design route,



multi-stage CAD/CAE.
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