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PROFILING THE SURFACE OF THE PIN HOLE IN THE PISTON BODY
0O.V. Bilohub

Minimization of the mass of the piston kit, which consists of three main parts - piston, pin and connecting rod, is connected,
among other things, with the possibility of reducing the diameter of the steel pin. On the other hand, a decrease in its diameter
inevitably leads to an increase in stresses in the piston pin hole (PPH) and possible destruction. It is known that reducing the mass
of the piston set from 5 to 20% leads to an increase in the output parameters of the internal combustion engine - torque and power
by 1% to 4.5%. The purpose of the study is to determine the possibility of reducing the stresses in the bearing due to the profiling
of its surface while reducing the diameter of the piston pin. The research algorithm is presented, which consists of building a
geometric model of the piston assembly, loading with excessive pressure taking into account the plasticity of the material, modi-
fying the geometry of the PPH and checking the stresses of the loaded state. The conventional piston model has the following
geometry: diameter — 80 mm); height — 60 mm; compression height — 30 mm; the diameter of the finger hole is 18 mm; the distance
between the bumps is 28 mm. Piston material — aluminum-based alloy — AISI 2014-0, pin and connecting rod material — AISI 1020
steel. Pressure loading conditions: taking into account plasticity — nonlinear, harmonic, 2 cycles, maximum amplitude — 8 MP4;
test - static, 6.5 MPa. A crumpling zone with residual deformations was detected in the PPH, the maximum final deformation
practically does not differ in the first and second load cycles (0.0081 vs. 0.0084). Residual deformations occur 1/3 of the length
from the inner edge of the head. The absolute residual deformations are given in the form of a sweep of the change in the PPH
radius. The maximum value is about 0.04 mm. This result is the basis for modifying the geometry of the surface of the finger hole.
The modified geometry of the PPH is obtained by boring the cylindrical surface with a profile modeled by the appropriate spline
on the geometric model. The boring axis is offset by 0.02 mm from the PPH axis. Verification modeling showed that the averaged
loads on the edge of the model are 143 MPa for the cylindrical and 107 MPa for the modified PPH (-25% for the modified profile).
Key words: piston; finger hole; profile; plastic deformation; stress.
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AHAJII3 TPUYUH PYHHYBAHHSA I'OJIOBKY ITAJITHIPA
JABUI'YHA BHYTPIIIHBOI'O 3I'OPSAHHSA

Posenanymo npobaemy 6uxody 3 1a0y 201068Ku YUAHOPIE 08USYHA 6HYMPIUHb020 3e0panHsA. [Ipoananizoeano ¢hax-
mopu, Wo 6NIUEAI0Mb HA HAOIUHICMb 201068KU YUiHOpa Ha npomsasi 3adanozo pecypcy. Ceped 30H, wjo Haubinvuue
nOmMepnaomy po3eiaHymo: NepemuHKu Midic KIananamu i Midc K1ananom i QoopcynKor0, 6UnYCKHi Kanau, Micma Kpi-
nAeHHs, NIOWUHA NOBEPXHI, KA KOHmakmye 3 6nokom. IIposedeno ananiz icuylouux pobim 6 oanomy Hanpsamxy. 3a-
36uNAll, BUPIUYEMbCA NUMAKHS HAOIIHOCMI OKPEMOT 30HU, NPO WO MOXMCHA 3HAUMY bazamo cmameil ma namenmis.
Ha cvo2o0niwniti denb podbomu, wjo KOMNIEKCHO po321a0armys npodiemy HAOIUHOCmI YCiX NpoOIeMHUX 30H, 5KI
108 'A3aHi 3 20106K0I0 YUNIHOPA, He 8i0oMi. B danill pobomi usHaueHo Xapaxkmep NaUy Ha HANPYHCEHULl CIMAH 2010~
8KU YUNTHOPA 810 PI3HUX YUHHUKIB: MEeMNEPAMmYPHUX HABAHMANCEHb, HABAHMANCEHDb GI0 MUCKY POOOU020 MINA 8 Yuli-
HOPI, HABAHMACEHD, WO BUHUKAIOMY NPpU 3aKpintenti. LLnsaxu supiuients npodaem 3 HAOTIHICMIO OKpeMUX efleMeHmig
icHytomb 1 upiuyomscs 6azamovma 00CTIOHUKAMY, NPome OOYLTbHICMb IX 8NPOBAOICEHHS He € 00HO3HauHOoW. Tak,
NOKpaujeHHs menyiosiogedents 6i0 HAUOINbW HAZPIMUX NOBEPXOHL MOICE NPUIBECMU OO0 30INbULEHHS YACMKU BNIUBY
610 inwux ¢hakmopis. Bupiwenns npobnemu naoitinocmi nompe6ye 6cediuno2o po32nsidy ma KOMIIEKCHO20 NiOX00Y.
IIpu modepHizayii yu po3pobyi HO6OT KOHCMPYKYIT 0608 I3KOBUM CIMAE PO3ZPAXYHKOBE OOCTIONCEHHS 3 YPAXYBAHHSM SIK
MOJICHA OibUL NOBHO20 ChEeKMPY (YaKmopié 6nau8y y CUCeEMU, AKA NOEOHYE YCi CKAA008I eleMeHmu, ujo 8xX005mb 00
yvoeo gy3na. CyuacHi cucmemu iHJICeHepHO20 aHAi3y 00360A10Mb UKOHY8AMU MaKi docaiodxicenns. Bascnueum, ma-
KOJIC, € 00CMAMHE 3HAHHA NPO 61ACMUBOCHT MAMEPIANis, WO 3HAYHOK MIPO GNIUBAE HA AKICMb Pe3yIbmamis po3-
PAxyHKo8ux 0ocniodicens. 3miny napamempie meniogioseoents 3 4aCoM MOJICHA 8PAXYBAMU 3a OONOMO20I0 SPAHUYHUX
VMO8, W0 003601UMb Q0CAIOUMU 5IK 6y0e n08ooumu cebe 20106Ka YUNiHOPIE uepe3 0esiKull 4ac eKCniyamayii.
Knrouogi cnosa: zonoexa yuninopis; nadiinicms, paxmopu niugy, HanpylCeHul Cman, memMnepamypHuil Cmam, 600-
CKOHANIEHHS KOHCMPYKYIl.

Beryn (dhopMyIOTh 00’€M KaMepu CTUCKAHHS Ta 3HAXOIATHCS
IMuTanHs HaAIHHOCTI 3aBXKIM aKTyalbHi JJIsS eJe- il BIUIMBOM 3HAYHUX THCKIB 1 Temmeparyp. ['ooBka
MEHTIB JIBUTYHIB BHYTpimHbOTO 3ropsHHs (B3), mo HWJTIHAPA € OJHUM 3 TAKUX €JIEMEHTIB, OCKUTLKH Ha Hel
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JUIOTh CHJIU Ta3iB, CUIIM BiJ] 3aTsDKKH OONTIB 1 TepMidHIi
HaBaHTa)XCHHs. B ToH ke 4ac BOHA € CKIaJ0BOIO KOHC-
TPYKIii CHCTEM BIIYCKY i BHITYCKY, B Hili pO3TaIlIOBaHO
KaHaJl miJ naJuBHY (GOPCYHKY (B ABUTYHaX 3 Oesmoce-
penHiM BIOPCKYBaHHSIM MajiiBa) a00 KaHAI IIiJ] CBIUKY
3araacHHS.

BinmoBigHO 70 KOHCTPYKIIi TOJOBKM IFIIIHAPIB
MOXHA MMOJIUISATH 332 TAKUMH HapaMeTpaMHu:

e cmoci6 oxomomkeHHs (Bix mepudepil 1o meHTpy,
Bil HEHTPY A0 nepudepii);

®  KiIBKICTb, PO3MIPH Ta PO3TALIyBAHHS KaHAJIIB ITi-
JBEICHHS OXOJIOMKYI0UO01 PiIiHY;

e  KIUNBKICTH KJIANlaHiB Ta30pO3MOAUTY HAa IIIIHAP
(1BOX, TPbOX, YOTUPHOX Ta OLIBIIOT KIJIBKOCTI KJla-
naHiB a0o 0e3 KJamaHiB);

®  KINBKICTh SIPYCIB BHYTPIIIHIX MOPOXXHHH (OIWH,
JiBa Ta OLbIIe);

e  0COOJIMBOCTI BiIOKpEMJICHUX YAaCTHH SIPYCIB BHY-
TPIMIHIX MOPOXKHHH (3 OXOJOIKYIOUOI0 PiTHHOI0
4K 0e3 Hel, 0COOIMBOCTI KaHAIIIB 3’ €IHAHH);

e  0COOJIMBOCTI KaHAJIB 3’€IHAHHS BiJOKPEMJICHHX
YaCTHH SIPYCiB 3 0XOJIOMKYIOUOI0 PiIHHOIO;

®  KIUIBKICTh, PO3MIPH Ta PO3TAIlyBaHHS CJICMCHTIB
KpIIJICHHS;

e  0COOJIMBOCTI PO3TALTYBaHHS JIOJAaTKOBHX €IEMEH-
TiB B T/l TOJIOBKH;

®  0COOJIMBOCTI pO3TallyBaHHs 00’ €My METajy roJo-
BKH B 30HI pO3MHJIOBaYa (POPCYHKH Ta MIXKKJIa-
MaHHUX NEPETHHOK;

®  0COOJMBOCTI KOHCTPYKINi BCTAHOBJICHHS Cifel
KJIaMaHiB (3 HATATOM, [UIaBA0YOr0 THITY TOIIO).
3anexHO BiJ CTYICHSI HABAHTAXKEHHS 1 0COOIMBO-

CTeH KOHCTPYKIIII B SIKOCTi MaTepiajiB TOJOBKA LIUITiH-
Jpa BUKOPUCTOBYIOTH AJIIOMIHI€BI CIUIABH, YaBYH,
cranb. OcTaHHI J1Ba MaTepiajd BUKOPHUCTOBYIOTh Y
ORI HABAHTAKEHUX KOHCTPYKIILSAX.

KputnyanMu 30HaMu roJ0BKH, IO HAHOLI6II Ya-
CTO pyHHYI0TBCA (puC. 1), €:

®  TIEPEeMHUYKH MIX KIallaHaMH;

®  TEPEeMUYKH MK BUITYCKHUMHM KJIAIIaHAMH 1 OTBO-
poM nanuBHOT GOPCYHKH;

®  BUITYCKHI KaHAJH;

e  IUIOLIMHA ITPWJISATaHHS T'OJIOBKH 10 OJIOKa;

® I/ HAMIPABJISTFOYMMH KJIATaHiB.

OKpiM KOHCTPYKTHBHUX OCOOJIMBOCTEH TOJIOBKH
IWJIHPIB, CITi/1 3a3HAYNTH, 1110 IPUYHH SKi IPU3BOJSTH
JI0 BUXOIY JIBUTYHA 3 JIaJy uepe3 ii MOJIOMKY € IeKiJIbKa.
Haii6inpmoro 3 HUX € TepMidHI HaBaHTAXKEHHSA, Yepe3
SKi y TOJIOBIII 30UIBIIYIOTHCSI BHYTPILIHI HANPY)KEHHS 1
BUHMKAIOTh TPILIMHY 1 HOpYyIIeHHs reoMeTpii. Jlo mporo
MOXe€ TPHU3BECTH MOPYLICHHsS. POOOTH CHCTEMHU 0XOJI0-
JUKEHHS JIBUT'YHA, HOT0 epeHaBaHTaXXEHHS, Pi3Ki 3MiHN

peXUMy poOOTH, HE3a/10BlIbHA POOOTa MAIUBHOI CHC-
TEMH, HasIBHICTh Harapy, HasBHICTh BiAKJIaJICHb UM ipXKi
B 30HI BifgBeneHHs TerioTH. Cepel X MPUIHH TaKOK
CJIiT BII3BHAYNTH HEAOTPUMAHHS BHMOT JIO CKJIaJaHHS,
HEIOTPUMAaHHS T€XHOJIOTIi BUTOTOBJIECHHS, HU3bKY a00
HEJOCTAaTHIO JUIA JaHOi KOHCTPYKLIi i piBHA ¢opcy-
BaHHJ SIKICTh MaTepiaiy.

[TepcrieKTHBHUM MaTepiaioM Juisi KPHUIIOK JIU3e-
JB BBaXXAIOTHCS YaBYHH i3 BEPMIKYISIPHAM TpadiToM
(Compacted Graphite Iron - CGl); Crpykrypa mux 4a-
BYHIB ()OPMYETBCS I €10 KOMIUIEKCHOTO MOUpika-
TOpa, III0 MICTHUTH MarHil i piako3eMenbHi MeTanu. ['pa-
¢iT HaOyBae Kymacty (6muspko 20%) Ta IuIacTHHYATY
(dbopmy. OctaHHS ABJsE COOOK B3a€MOIIOB’I3aHi MEIT0-
CTKH, ajie Ha BIIMiHY BiJl IJIACTHHYACTOTO Tpadity y ci-
pOMy YaBYHi, BOHa Ma€ MEHIIY JOBXHHY, OLTBITY TOB-
IIMHY 1 OKPYTJIi KPOMKH.

Cepen JOCITIIKEHb SKi CIPSIMOBaHI Ha IMOKpa-
IICHHS HAMIHHOCTI TOJOBKHM HWJIIHIAPIB MAlOTh MicIe
MIPOTIO3MLIT IIO0 TMOKPAIIEHHS TEIUIOBOTO CTAaHy 30HU
BUITYCKHOTO KJIallaHa 32 PaxyHOK JIOKaJbHOTO 0XOJIO-
JoKeHHS 1€l 30HM [1-4]. Bkazanuit 3axig Moxke 3HaYHO
TIOKPAIIUTH CTaH OKPEMHX 30H 3 HAIMIPHUM TEPMIYHAM
HaBaHTAXXEHHSIM, ajle ToTpedye peatizalil MoB’sI3aHuX
KOHCTPYKTHUBHHX DillIeHb, a 11€ MOXKe OyTH 00OMEKESHUM
rabapuTamMy Ta HasBHUMH KOHCTPYKTHBHHMH OCOOIH-
BOCTSIMU. JIOCSTTH YCHIIIHOTO JIOKAJIBHOTO O0XOJIO-
JOKCHHS YCIX ICHYIOUHX TPOOJIEMHHX 30H 0€3 HeraTus-
HOTO BIUTMBY Ha HaJliHHICTh KOHCTPYKIIii MOJKe OYTH He-
MOXJIMBO. B marenTi [5] npomoHyeThest 104aTH 10 KOH-
CTPYKINI CITYACTHI TEIJIOBUH €KpaH, IO J03BOJIUTH
Kpaie po3NOJUTHTH TEIUIOBI MOTOKH BCEPEIHMHI TOJIO-
BKH. Jlo/laBaHHS BHCOKOTEIUIONPOBIAHUX EJIEMEHTIB
MOe OyTH MepCHEeKTUBHUM HANpsIMOM poOOTH, aje 1o-
JlaBaHHS BKa3aHOTO EJIEMEHTa 10 KOHCTPYKIIT MOKe He-
TaTWBHO BIUIMHYTHU Ha 11 )KOpCTKicTh. [latenT [6] mpo-
TIOHY€E TIOUINTH TOJIOBKY Ha JB1 YACTHHH 1 BUKOPHCTO-
BYBaTH HATPiii B IKOCTI OXOJIO/PKYIOYOT PIAMHU B HIX-
Hiil. [cHYyFOTh pO0OTH, B SIKUX MPOMOHYETHCS MOJUTATH
TOJIOBKY Ha SIPYCH 3 OpPTaHi3ali€ro HOTOKY OXOJIOKYIO-
40T piAMHH, 1[0 MOXKE TIPU3BECTH 10 BUPIBHIOBAHHS Te-
MIIEpPATYPHOTI'O CTaHy TOJIOBKH — TaKHi METOJ BXKe yc-
IITHO 3aCTOCOBYETHCS, X04a 1 MOTPeOye BiAIOBITHOTO
piBHSI TeXHOJIOTIYHOTO OOmamHaHHS. Takoxk, moziOHa
Opraizailisi BHYTpPIIIHBOI CTPYKTYPH TOJOBKH MOXKE
CIIPHUSTH MiABUICHHIO MilTHOCTI KOHCTPYKLii [7].

B po6ori [8] mpomonyeThest 3aCTOCOBYBATH CKIla-
JIeHy KOHCTPYKIIIO TOJIOBKH 3 KUTBKOX €JIEMEHTIB, II0
JIO3BOJIUTH CIIPOCTUTH OKPEMi 3 HUX, BIJIOBIJHO IOK-
PALIMBIIN SIKICTh BIJUIMBOK 1 BHYTPILIHIX IIOBEPXOHb I'0-
JIOBKH, Ta BIULIMHYTHU Ha MPOLEC TEIUIOBIIBEICHHSI.

Ha croropsi, B yMoBax mocTiifHOTO TpeHAY 10 30i-
JBIIEHHS] TUTOMO] MOTY>KHOCTI €HEepreTHYHHUX YCTaHO-
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BOK, IINTaHHS JOTPUMAaHHs PECypcy Ta HaJiiHOCTI KOH-
CTpYyKIii mertaneit, mo GopMyroTh pobounii 06’eM IBU-
T'yHa, TTOCTAIOTh BCE OUIBIN aKTyalbHUMHE. B psini Buma-
JIKIB TOJIOBKA LMTIHJPA YU/Ta MOPIICHb HE 3a0e3meuy-
IOTh HaBiTh BKa3aHOTO BUPOOHHUKOM pecypcy, IO € 3Ha-
YHOIO TPOOJIEMOI0 i IPU3BOAUTH 10 BUCOKOBAPTICHUX
Ta TPUBATHX peMOHTIB [9]. SIK MOKa3yIOTh TOCIHKECHHS
[10], mns anroMiHiEBHX CIUIaBIB, IO 3aCTOCOBYIOTH Y
JBUTYHOOYIyBaHHI, BXKe CIIif OpaTé A0 yBaru i Mexy
MTOB3YyYOCTi MaTepiaiy.

BuHaxiHUKK pO3IIISIAI0Th TPOOIEMH Cijia Kila-
MaHa i HampsIMHOT BTYJIKM KiamaHa okpemo [3, 4], a ue
Yy CHCTEeMi TOJIOBKH, Ci/ja, KJamaHiB, HAIPSIMHUAX BTY-
JIOK 1 (hOpCYHKH. Y BIIOMHX Ha CHOTOJHI IMyOJIiKaIlisx
BIICYTHIM KOMIUIEKCHMH MiAXiA A0 BHPIIIEHHS IPO-
OnemMu HaJiHHOCTI €JIEMEHTIB JIBUTYHA 31 3HAYHUMHU Te-
IUIOBUMH HaBaHTa)XEHHSIMH, B TOH Yac SK IMOKPAICHHS
BIUIUBY OKPEMOTO (haKTOpy MO>KE ITPU3BOIUTH JI0 TOTi-
PIICHHS BIUTMBY iHIINX ()aKTOPiB HAa MPAKTHUIIL.

Puc. 1. [lpuxnaou empamu Haditinocmi 20106K00 YUTIHOPA

OcHoBHa YacTHHA
TToxiGHO 10 paHilile mpeacTaBiIeHol cxeMu (HakTo-
piB [0 BIUIMBAIOTh HA TPHBANY HafilHicTh mopurHs [11]

MOJKHa CTBOPUTH CXEMY /ISl TOJIOBKU LIMJIIHPA, K 1€
3po0JIeHO Ha pHuC. 2.

Tepmiuni OcoGmBocTi IoB3yuicTh
KOHCTPYKIUii T2 .
HaBaHTARCHHS MaciTadHuii pakrop MaTeplaigy
MexaHiuni TPUBAJIA Penakcanin
HABAHTAKEHHS HAJAIMHICTD HANPY/KEHb
YMmoBH Bbaratouukiosa ManouukJjaoBa
eKCILIyaTamil yroma yroma

Puc. 2. @akmopu wo ennusarome Ha mpueany HadiUHIiCMb
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Cepen TepMIYHUX HABaHTAXKEHb CIIJ[ BIIMITUTH
HECHMETPUYHICTh TEIUIOMiABEACHHS (MOXE 3MIiHIOBa-
THCBH 3 9ACOM Uepe3 MOSBY Harapy) Ta TeIUIOBI IBCICHHS.

Macmrabuuii pakTop J0NAETHCS 10 OCOOIUBOC-
Teil KOHCTPYKIii OCKITBKH Teperagy TeMIepaTyp € Oi-
JBIIUMH TIPH OUTBIIMX pO3MipaxX TOJOBOK, MEXaHIdHI
HABaHTa)XCHHS TaKOX BUKJIMKAIOTH OUTBINI Aedopmartii

€JIEMEHTIB KOHCTPYKLII IpH OLIBIIMX pO3Mipax rojo-
BOK, TOOTO IpoOJIeMa 3arOCTPIOETHCA.

s KO’)KHO1 KpUTUUYHOI 30HHU TOJIOBKM MOXHA BH-
3HAYUTHU MApaMETPH IO BIUIMBAIOTH Ha 11 HAIHHICTS i,
BiJINIOBiTHO, BKAa3aTH HAIIPSIMH KOPETYBAHHS IS ITi/IBH-
IICHHS HaAiHHOCTI KOHCTPYKIIII y IIMX 30HaX. 3arajbHa
cXema HaBejeHa Ha puc. 3.

30Ha roJ10BKH

IMapameTp 10 BuIMBae

Hanpsam koperyBaHHs

[Tepemuaka Mix
KJIaIIaHAMH

[epemuuka Mix
KJIAIIAaHOM 1 OTBOPOM TIiJ

dopcynky

Micra KpinsieHHs

BunyckHi kaHamu

[TnomuHa mpUIsSTaHHS 10
OJI0Ka

TemmeparypHi Ta (i3udHi HaBa-
HTa)KEHHS; BIIACTUBOCTI

MaTeniamv

TemmeparypHi Ta ¢i3ndni
HaBaHTa)KEHHS; BIIACTHBOCTI
Mmarepiary

MexaHi4HI HaBaHTAXCHHS;
BJIACTHBOCTI MaTepiary

TemmeparypHi HaBaHTaXKEHHS;
BIIACTUBOCTI MaTepiaiy

TemmepatypHi Ta ¢i3uuHi
HaBaHTa)XCHHS; BIIACTUBOCTI
Marepiany

BupiBHIOBaHHS TeMIIEeparypH,
3MEHIIIEHHS TOBILUHU
MOBEPXOHb; 3MiHa MaTepiary

YTOYHEHHS] MOMEHTY
3aTATYBaHHS; 3MiHA
KOHCTPYKIIii; 3MiHa MaTepiay

BupiBHIOBaHHS TEMIIEPATYPH;
3MiHa MaTepiamy

BupiBHIOBaHHS TeMIIepaTypH;
3MiHa MaTepiamy

Puc. 3. Cxema wnsixis 3abe3neuenns HAOiIHOCMI 207108KU YUNIHOPA

Po3srissHeMo fani KOXKHY 3 BKa3aHUX Bpa3MBUX
30H.

TpimyHM y mepeMudlli MK KianaHaMmu 3’siBIisi-
I0ThCs Yepe3 3HAYHUIT epenaj] TeMieparypu MaTepiaiy
y 1iii 30H1. ['apstdi BignparpoBaHi ra3u 3 OJJHi€1 CTOPOHU
i CBOKMIT MOTIK MOBITPs 200 NAJMBOMOBITPSIHOT CyMmili
3 1HIIOT MPHU3BOIATH O 3HAYHMX BHYTPIMIHIX Hampy-
JKeHb y Martepiani. J{ns BupimreHHs 1iel mpodieMu He-
00XiTHO 301IBIITYBaTH TETUIOBIABEICHHS B/l 30HU BUITY-
CKHHUX KJIalaHiB, 0COOJMBO 31 CTOPOHU BITYCKHHX KJIa-
naHiB. [TogiOHe ckiagHO 3a0€3MeunTH BPaXOBYIOUH iX
ONMM3BKICTH OJIMH IO OJTHOTO Ta HASBHICTh MOPYY 1HIIAX
€JIEMEHTIB KOHCTPYKIIii.

CkaszaHe BuUIlle TIOBHOIO MipOIO BiJTHOCHUTBCS 1 JI0
MEPETUHKH MK OTBOPOM ITi/1 (POPCYHKY Ta KJIallaHaMH.
Uepes KOHCTPYKTHBHI Ta TEXHOJIOTIUHI OCOOIMBOCTI
BKa3aHUX BY3JIiB y HUX CKJIQTHO 3a0e3MeunTH MoTpioHe
TEIUIOBIABEACHHS 1 JUIl LbOTO HEOOXiJHO NpHiMaTH
crieliaibHi KOHCTPYKTUBHI pimeHHs. OIHUM 3 MOXKIIH-
BUX LUISIXIB € 3MEHIIICHHSI TOBIIUHHU JICHIS ToJIOBKH. Lle
MOKpAILy€e TEIUIOBIBEICHHSI, ajle, B TOH ke 4ac, 3MeH-
IIye HaJifHICTh KOHCTPYKIii, 301IBIIMBIIA BILUTUB Bif
iHmUX (hakTopiB.

BunyckHi KaHaJIM TAKOXK CTUKAIOTHCS 31 3HAUYHUMHU
repernagaMy TeMIiepaTyp Marouyd He3HAUHy TOBIIHMHY 1
IPU HASIBHOCTI HESIKICHOTO JIUTTS, TOXUOOK 0OPOOKH UK
30BHILIHIX YAapHUX BIUIMBIB Y HUX TAK0XX MOXKYTb 3’ SIB-
JSTHCH TPIIIUHU.

HasiBHICTb JIOKAJILHOTO BIUTUBY BUCOKHX TeMIIepa-
TYp HPHU3BOJMTH 10 3MiHM T€OMETpIl TOJIOBKH, & 0CO0-
JHBO 11 IUTOIIKHMY, IO 3a0e3nmedye TepMEeTUIHICTD IIUITi-
HZpa Ta KaHaIIB 3 OXOJIOPKYIOUOIO pinuHor0. JlaHuit
THIT BUXO/Y 3 JaJy € OUIbII XapakTepHUM Juisi 6arato-
UUJIIHIPOBUX TOJOBOK. IIpu neperpiBaHHi TONOBKH
BOHA MOXX€ HaOyTH KPUTHYHHX 3HAUCHb HAIPY>KCHHS,
OUTBIIMX 3a Ti, IO BiAOBIAAIOTH MOPOTY MOB3YYOCTI
MaTepiany i, K pe3yabTaT, 3HaYHUX BiIXHUJICHB BiJ MO-
YaTKOBOI TEOMETpii, M0 MEePEeBHIIYIOTh JIOMYCTHMI.
Omxe mpu po3paxyHKax TakKOXK CJiJI BpaXxOBYBaTH i
SIBUILE MOB3Y4OCTi. Take MOXKIMBO NPHU MEpEeHABAHTA-
JKEHHI JBUTyHa a0o NpH Pi3KHX 1 3HAYHUX 3MiHAX pe-
XHUMY poOOTH IBUTr'YHA. BrasaHe migchmoeTbes 1 3MeH-
IICHHSAM TETJIOBIIBEICHHS 3 YacOM Yepe3 BiAKIaACHHS
Ta KOPO3if0 Ha BHYTPIIIHIX MOBEPXHAX KOHTAKTY OXO-
JO/KYI0UOl PIAMHY 3 TapsYMMHU MOBEPXHAMH [9], mio
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MoHa 1obaunty Ha puc. 4. [loripiieHHs TemoBiaBe-
JCHHS MOJKHa BPaXyBaTH IIPH PO3PAXyHKOBUX JOCIi-
JOKEHHSX 3MIHOIO BiJIOBITHHUX TPaHUYHUX yMOB. Taki
JIOCII/PKEHHS] MOXKYTh OyTH KOPHCHUMHU IIPU ITPOTHO3Y-
BaHHI HaJIfHOCTI KOHCTPYKIIi 3 9aCOM.

HasBHIiCTh cepen mpuunH pyHHYBaHHS TOJOBKU
3MIHH PEKUMY POOOTH ABUI'YHA CBIUUTD ITPO MOMIIIKH

IIPY POEKTYBaHHI KOHCTPYKIii. B Toii sxxe uac, BUsSBUTH
o1i0HI TOMMJIKY Ha €Talli IPOESKTYBaHHS BKpail BaXKKO.

Puc. 4. Ilpuxnao cmamny enympiunvoi nogepxmi
eonoexu yurinopis [12]

TpimmHEN y MicTax KpiIJIEHHS MOXYTh OyTH
MOB’sI3aHi 3 JIIOJACEKUM (aKTOPOM — HEJOTPUMAaHHIM
MOPSIAKY 3aTSATyBaHHS YM MOMEHTY 3aTATYBaHHS LHX
KpITUIEHb — 1 JIOMATKOBO MOXYTh OyTH TIICHIICHI KOHC-
TPYKTUBHUMH Henoiikamu. [Ipukiran HepiBHOMIpPHOCTI
Harnpy)XeHb, BUKIMKaHUX UM (akTOpoM, HaBEJIEHO Ha
puc. 5.

Puc. 5. Hepisnomipnicme HanpysceHb KOHCMPYKYIi 610
3YCUNLIS 3aMALYBANHS

MoxHa no0aYuTH BIIMIHHOCTI Hampys>KeHb SKi
00yMOBJIIEHI OCOOTMBOCTSIMH BHYTPIITHBOT KOHCTPYKIIi1
nmertaii. B Toii xxe gac, cii BiA3HAYMTH, 110 X04a IIi Ha-
NIPY>KEHHS € He3HAYHUMH, BOHU J0/Ial0Th HEraTHBHOTO
BIUIMBY 10 OLTBII BU3HAYHUX (paKTOPIB.

TpimuHN Tix HAIPaBIIOYUME BUHUKAIOTh HE Ha-
CTO 1 MOB’s13aHi, 3/1e0LIbIIOTO, 3 NedeKkTaMu MaTepiary
a00 3 HEJOTPUMAHHSIM TEXHOJIOT1I.

Ille omaEM (akTOpOM, IIO BIUIMBAE HA BEIUYUHY
HaTpyXeHb, € THCK BiJl pobodoro Tijia ABUTyHA. Y AH-
3eJbHUX JBHI'YHaX 3 Oe3nocepeiHiM BIIOPCKYBaHHSIM
MaKCcHMallbHe 3HaYCHHS TUCKY MOXKe cKiamaTta 12...18
MIla. Ha puc. 6 moka3zaHO po3MOJisI HAPYKEHb IO T'O-
JIOBII, 110 BUHUKAIOTH BiJl TUCKY (@) 1 B1I TeMIIepaTypu
(6). Lle 3Ha4Hi cui i, K MOKa3ylOTh PO3PAXyHKHU, Hali-
OUTBIIKH BKJIAJ] Y HATIPY>KSHHUI CTaH TOJIOBKH IMITIHAPA
BHOCHUTB TEMIIEpaTypa.

Puc. 6. Buensio nanpyosicenozo cmany
20106KU YUIIHOPA 8i0:
a) mucky (P, = 17 Mlla);
6) MmepMIuH020 HABAHMANCEHHSL
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[MokpaiieHHst HaNIPYXEHOTO CTaHy NOTpedye BO-
CKOHAJICHHSI KOHCTPYKIIT st 3a0e3meueHHs OiIbIIoro
TEIUTOBIIBEJICHHS BiJT OB HATPITHX 30H 1 3SMECHIIICHHS
TEIJIOBIABECHHS B/l MEHIII HATPITUX 30H, B TOMY YHCII
13 ypaxyBaHHSM TiIpOAMHAMIYHUX 0COONMUBOCTEH opra-
Hi3aIil mIBeAeHHS CBIKOTO MOBITPs 00 IMaIHBOMOBIT-
PSTHOT CYMIIITi, BiIBEJCHHS BiIpaIlbOBaHUX r'a3iB Ta M-
PKYJIALIT OXOJIOAKYI0UOT PiIUHH.

BaxxnmuBuM Takoxk € 3a0e3MedYeHHS PiBHOMIPHHIX
HAaBaHTa)XCHb, 10 BHHUKAIOTH NIPU 3aTATYBaHHI KpiIl-
JICHb TOJIOBKH Ta NepeBipKa piBHS HABAaHTAXKEHb Bif TH-
CKY Y 30HaX, II0 (OPMYIOTE KaMepy 3rOpsSHHS.

Crinx 3a3HauuTH, 010 HasBHA Mpobiema 3abesre-
YeHHs HaJIiHOCTI rOJIOBOK LMIIHAPIB NPOTATOM 3a/a-
HOTO TEpMiHYy eKCIUlyaTauii IpH JOCATHYTHUX PIBHAX
tdopcysanns [IB3 i, ocoGmmBo, IpH MiIBAIICHHI IUX pi-
BHIB TP 301IbIICHH] PO3MIPHOCTI LUIIIHIPY Ta PO3Mi-
PIB TOJIOBKH J10 ChOTOJIHI HE € BUpilIeHOot0. Jluiie koM-
TUIEKCHE ypaxXyBaHHA yCiX (axTopiB, mo Oyiu 3a3Ha-
YeHI BUINE, MOXE IO3BOJUTH BHpIMICHHS IIi€i mpo-
6memu.

BucHoBku

B po0oTi po3risiHyTO OCHOBHI 30HM pyWHYBaHHS
Ta (pakTOpH, 110 BIUIMBAIOTH HA HATIHHICTH TOJIOBOK ITH-
JIHJPIB IBUTYHIB BHYTPIIIHBOTO 3rOPSIHHS. 32 OCHOBHI
HAMPSMU TMOKPAIICHHS HaIHHOCTI TOJOBOK IMUIIHAPIB
MOJKHA BUIUINTH KUThKa OCHOBHUX.

[epmmii — e 3a6e3nedeH st LTI PiIBHOMiIPHOTO
TEMIIEPaTYPHOTO CTaHy T'OJOBOK, OCKUJIBKM OCHOBHHUM
(hakTOpOM BTpATH HAIIHHOCTI € caMe iX TeMIepaTypHUit
crad. [Ipy 1pbOMy NPOEKTYBaHHS HOBHX KOHCTPYKIIH
MOBUHHO KOMIUIEKCHO BPaxOBYBAaTH HIMPOKHH CHEKTP
HaBaHTAXXEHb 1 HEOOXiHICTh 3a0e3neueHHs crenudiy-
HUX YMOB, IO JO3BOJISITH YTPHMAaTH HAINpPYKCHHS Y
NPUITYCTUMHUX JJIsl MaTepialy Mexax IpH BUCOKHX 3Ha-
YEHHSX MUTOMOT ITOTYXHOCTI JIBUTYHA.

Jpyruii — KoperyBaHHs BIACTUBOCTEH MarTepiaiy.
Sk BapiaHT — 3acTOCYBaHHS HOBHX MaTtepialiB, HAIpH-
KJ1aJ, 4aByHa i3 BepMikyisipauM rpadirom (CGI), mo
BOJIOJIi€ OUTBII BHUCOKMMHU TIOKa3HUKAMH TEPMIYHOL
CTIMKOCTI (ITOKa3HUK TEPMIYHOI BUTPHUBANOCTI B 1,5 - 2
pasu BHIIE, HIXK Y 3aCTOCOBYBAaHOT'O 3apa3 marepiaiy -
BHUCOKOMIITHOT'O YaBYHY).

Tperiit — Mozes NOBUHHA OYyTH MOBHOIO, TOOTO
BKJIFOYATH KOMILJICKT JIeTaleH, 110 BCTAHOBJIIOIOTHCS 10
TOJIOBKH (CijyIa KJIamaHiB, KJIalaHu, HAMIPSIMHI BTYJIKH,
(opcyHKH), a TAKOXK BpaxoBYBATH HPOLECH PYXY OXO-
JIOKYI0UOI piAMHY, MacTHiIa Ta Ta3iB y IOPOXKHUHAX 1
KaHaJlax roJ0BKH, 00 TEIIO00MIH 3 HUMHU 3HAYHO BILIK-
Ba€ Ha PI3WYHUN CTaH KOHCTPYKIIil.
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ANALYSIS OF THE CAUSES OF CYLINDER HEAD FAILURE OF INTERNAL COMBUSTION ENGINES
O.U. Linkov, V.V. Pylyov, A.P. Marchenko, S.O. Kravchenko, G.V.Malishev, O.M. Klymenko

The problem of failure of the cylinder head of an internal combustion engine is considered. The factors influencing the
reliability of the cylinder head over a given service life are analyzed. Among the areas that suffer the most are considered: partition
between valves and between the valve and the nozzle, exhaust channels, attachment points, the plane of the surface that is in contact
with the block. An analysis of existing works was carried out. Usually, the issue of reliability of a separate zone is solved, about
which you can find many articles and patents. To date, there are no known works that comprehensively consider the problem of
the reliability of all problem areas related to the cylinder head. This work describes the nature of the influence on the stressed state
of the cylinder head from various factors: temperature loads, loads from the pressure of the working body in the cylinder, loads
arising during fastening. Ways to solve problems with the reliability of individual elements exist and are being solved by many
researchers, but the expediency of their implementation is ambiguous. Thus, improving heat removal from the hottest surfaces can
lead to an increase in the share of influence from other factors. Solving the problem of reliability requires comprehensive consid-
eration and a comprehensive approach. Thus, when modernizing or developing a new design, it becomes mandatory to carry out a
calculation study taking into account the most complete range of factors affecting the system, which combines all the constituent
elements included in this node. Modern engineering analysis systems allow such studies to be performed. It is also important to
have sufficient knowledge about the properties of materials, which significantly affects the quality of the results of calculation
studies. The change in heat dissipation parameters over time can be taken into account with the help of boundary conditions, which
will allow us to study how the cylinder head will behave after some time of operation.

Keywords: cylinder head; reliability; influencing factors; tense state; temperature condition; improvement of the design.
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