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1. Tepmo-Hanpy>KeHU1 CTaH B’I3KONPYKHUX 'YMOKOPAHUX €JIEMEHTIB KOHCTPYKLiH 3 ypaxyBaHHSM PO3CilOBaHHS
€Heprii Ipu LUKJIIYHOMY Ae(OpPMYyBaHHI

2. Thermo-stress state of viscoelastic rubber-cord elements of structures taking into account energy dissipation
during cyclic deformation

Pedepar:

1. Inceprariist Ha 3M06YTTSI HAYKOBOTO CTYIEHs KaHAMAaTa TEXHIYHUX HayK 3a creljanbHicTio 05.02.09 - nuHamika
Ta MIIHICTb MalIVH. - HallioHaJIbHUI TEXHIYHUN YHIBEPCUTET, «XapKiBCbKUM MOJITEXHIYHUI iIHCTUTYT», XapKiB,
2021. luceprauis NpucCBsYeHa BUPIIIEHHIO [IPUKJIAHOI IPO6IeMU PO3BUTKY OOUMCIIIOBAJIbHUX ITiTXOMIB 1O
BMBYEHHS 0COOJIMBOCTEN TEIJIOBUX Ta lepOopMaLiliHUX [TPOLIECIB, 110 CYIIPOBOKYIOTb POOOTY B'SI3BKOIPY>KHUX

MaTepiaJIiB B MaLLII/IHO6y,U,iBHI/IX €JIEMEHTAX 3 APMOBAHVMU T'YMOBUMU KOMITO3UTAMMU. O6'ekToM ,E[OC]IiIL)KeHHF[ €



npouecu GOPMYBaHHSI TEPMO-HANPYKEHOTO CTaHYy B 'yMOKOPJIHUX €JIEMEHTaX MAllMHOOYAiBHUX KOHCTPYKLIH, 110
[IPaLIOI0Th B YMOBax LMKIIIYHOI AedopMaliii 3 ypaxyBaHHSIM po3ciioBaHHS eHeprii. OCHOBHI TeOpeTUYHi 0JI0KEeHHS
nuceprauii copMysIbOBaHi B paMKax QyHIaMEHTaIbHUX TEOPill IIPY>KHOCTI Ta B'SI3KONPYKHOCTI, TEIJIONPOBiAHOCTI
Ta TEPMONPY>KHOCTI. O1iHKa 1e(OPMOBAHOIO Ta HAMIPYXEHOTO CTaHIB OyJla MPOBEJ€HA B PAMKaX iHCTPYMEHTIB
KOMII'IOTEPHOro 3d-MOZe/I0BaHHS 3 BUKOPUCTAHHIM MeToAy cKiHdyeHHuX enemeHTiB (MCE). Bararomaposa
CTPYKTypa CKJIaJIeHUX €JIEMEHTIB MOJIeJII0BaJIach SIBHO. 3alIPpOIIOHOBAHO YHiIpIiKOBaHMI METOJO0JIOTIYHUI HifXiT, 10
PO3PaxyHKOBOT'O MOJEJIIOBAHHS TEPMO-HAIIPYKEHOT'0 CTaHYy, sIKe€ OOYMOBJIEHE Ta CYIIPOBOJKYETbCSI HAKOIINYEHHSIM
TeIlJIa BHACJILOK PO3CiI0OBaHHS €Heprii Ipy UMKIiYHOMY Ie(dOPMYBaHHI B'I3KONPY>KHUX T'YMOKODJHUX €JIEMEHTIB
MalMHOOYIiBHUX KOHCTPYKLIH. [TinXin 103BOJIss€ BU3HAYUTH HEOJHOPIAHUI PO3NOIia TeMIIEPAaTyPHOTO 1015 B
€JIEMEHTAaX KOHCTPYKLiN 3yMOBJIEHUI UKJIAMU €KCIUIyaTalilHNX HABAHTKEHb, & TAKOXK, BIVIUB [IUX TEIVIOBUX
IIPOLIECiB Ha HANPY>KEHUH i 1e(POPMOBAHMI CTaH KOHCTPYKLiN. [TpOBeAeHO KOMIJIEKC €KCIIEPUMEHTAJILHAX
BUIIPOOYBaHb 3 HUKJIIYHOTO Ae(POPMYBaHHS OJHOCIIPSIMOBAHUX I'YMOIOAi6HMX KOMITO3UTIB aQpMOBAHUX
TEKCTUJIbHUM KOPZOM. B'I3KONpy>KHI XapakTepUCTUKY 1IbOTO MaTepiajy Ta I0Ka3HMKU TeIJIOBUIiIeHHS, HeOOXiaHi
L7151 33CTOCYBaHHSI OOUMCIIIOBAJIBHOIO MiAX0y Y NPUKIAAHUX NOCIiIPKEHHSX, O0Y/IM €KCIIEpUMEHTAIbHO 3HANEHI.
BcraHoBJI€HA 3HaYHA aMIUIITYAHA 3aJIEXKHICTh MOZYJISL BTPAT Ta Yacy peJlakcallii Mifl 4yac HUMKIIiYHOro Ae(pOopMyBaHHs
IOCJiIKyBaHOTO MaTepiasy. BusHaueHo WBUKICTh cTabini3arii TeMrnepaTypu Ta BeIMYMHY CAMOHArpiBaHHS B
3aJIEXKHOCTI Bifl 4aCTOTHU Ta aMIUIITYy U LUKJIiYHOI fedopmaliii MatepiasniB. Po3pobieHo crelianibHy NpoLenypy Ta
IIporpamHe 3abe3nedyeHHs OJ1s ineHTrdikaii B'I3KONPYKHUX Ta JUCUNIATUBHUX IIapaMeTpiB MaTepianly Ha OCHOBI
41 CEJIbHOTO MOJEIOBAHHS TEMIIEPATYPHOTO CTaHY LIUMKJIYHO 4,e()OPMOBAHUX 3Pa3KiB Ta €KCIIEPUMEHTABbHUX
crioctepeskeHb. [Ipolieypa rossirae y noiyky rnapameTpiB MaTepiasy IUISIXOM MiHiMizalii moxu6ku pisHUL]
MOJI€JIbOBAHO]I Ta €KCIIEPUMEHTAJIBHO CIIOCTEPEXXYBAHOI TEMIIEPATYPU CaMOHArpiBaHHsI METOJ0M CTOXaCTUYHOI
onrumisauii. 3aCTOCyBaHHS LbOrO MiIXOAY LO3BOJIMIIO BUSIBUTY ITAPAMETPH B'SI3KOCTI IIapaMeTpiB MmaTtepiany. Ha
OCHOBI pe3yJIbTaTiB KpUTUYHE TIOPIBHSIHHS OOCATY €Heprii, 1[0 BUAINISETHCS B MIETIISIX IiCTepe3ncy, TEOPETHIHO
PO3paxoBaHe 3a MOJEJJIIO 3 ieHTU(IKOBAaHUMU JaHVUMU TeMIIepaTypy CAaMOHArpiBaHHS B Pi3HUX YMOBax
HABaHTaXEHHS JI0 HE3aJIESKHUX €KCIIEPUMEHTAIbHUX BUMIPIOBaHb, [I0KA3aJ1o iX 3a10BiJIbHY 301KHICTb Ta
OOI'PYHTYBaJIO OCHOBHY METOZ0JIOTIUHY rinoTe3y gaHoi poboTa. BupimeHo npukiaaHy iHKeHepHyY 3a7ady
PO3paxyHKy TEPMO-HAIPY>KEHOr0 CTaHy MHEeBMATUYHOI LIMHY Ha OCHOBI pO3P0O06JIEHOTO B AOCIIiIKEeHHI

004K CIII0BAIBHOTO MiAXONY Ta 3HANMIEHUX €KCIIEPUMEHTaNbHUX JaHuX. CTBOpEeHO HU3Ky TpuBuMipHUX CE-Mozeneit
[THEBMATUYHUX LIVH, SIKi JO3BOJISIIOTh BU3HAYATH il TEIJIOBUI Ta HAIPY>KEHUI CTaHMU, 110 YTBOPUJIACS B IIPOLECi
ekcrutyaTanii. Bysiu cTBopeHi TpuBUMIipHI Mogesti 3 ypaxyBaHHSAM 6araToumapoBoi CTPYKTYPH, KPUBOJIHIMHNX
OPTOTPOIIHUX BJIACTUBOCTEMN, FeOMeTPUYHOI Ta Pi3NYHOI HeJIiHITHOCT] B paMKax MiAxony CyOMOAeI0BaHHS.
BusHnaueHo neopMoBaHUI CTaHy IHEBMAaTUYHUX IIMH B 3aJI€XKHOCTI Bifl pi3HUX YMOB HaBaHTKEHHSI, & TAKOX Bif
TEMIIEPATYPHOTO I10JI8, SIKe YTBOPIOEThCS. JJOCIiIKEHO BIIJIMB TEIJIOBOTO N0JIs1 Ha Je(POPMOBAHUI CTaH
IMHEBMaTUYHOI KMHKU. OTPUMaHi B JucepTallii pe3yJIbTaTH BIIPOBAKEH] y IPAKTUKY POEKTHO-KOHCTPYKTOPCHKUX,
IOCIiIHO-KOHCTPYKTOPChKUX pobiT BAT "ROSAVA TIRERS" (1nHOOyAiBHA Ta BUPOOHMYA KOMIIaHis) Ta B
HaByasibHuM npouec HTY "XIII".

2. Thesis is presented for Scientific Degree Candidate of Technical Sciences, speciality 05.02.09 - Dynamics and
Strength of Machines. - National Technical University, «Kharkiv Polytechnic Institute», Kharkiv, 2021. The thesis
deals with a solution to the applied problem of the development of computational approaches to study the
peculiarities of thermal and deformation processes that accompany the work of viscoelastic materials in
mechanical engineering elements with reinforced rubber composites. The object of research is the processes of
formation of the thermo-stress state in rubber-cord elements of mechanical engineering elements operating in
the conditions of cyclic deformation taking into account energy dissipation. The main theoretical statements of
the dissertation are formulated in the framework of the fundamental of the theories of elasticity and
viscoelasticity, thermal conductivity and thermoelasticity. The assessment of cycling deformed and stressed states
have been carried out within the framework of 3d computer modelling tools using the finite element method
(FEM). A multi-layer structure of composite elements is modelled explicitly. A unified methodological approach is
proposed to the computational modelling of thermo-stress state, which is caused and accompanied by heat



accumulation due to energy dissipation during cyclic deformation of viscoelastic rubber-cord elements of
mechanical engineering structures. The approach allows to determine inhomogeneous temperature field
distribution in structural elements caused by operational load cycles, as well as the impact of these thermal
processes on the stressed and deformed states of structures. A set of experimental tests on cyclic deformation of
the unidirectional textile reinforced rubbery composites have been done. Viscoelastic characteristics of this
material and the heat generation indicators required for the application of the computational approach in
applications have been experimentally found. Significant amplitude dependence of the storage modulus and
relaxation time is observed during cyclic deformation of the material under study. A level of temperature rate and
value of self-heating depending on the frequency and amplitude of cyclic deformation of the materials is
determined. A specific procedure and software for the identification of the viscoelastic and dissipative material
parameters based on computational modelling of the temperature state of cyclically deformed specimens and
experimental observations are developed. The procedure is seeking the material parameters through the
minimization of the error of the difference of simulated and experimentally observed self-heating temperature by
the method of stochastic optimization. The application of this approach allowed to identify the viscosity
parameters material parameters. Based on the results, a critical comparison of an volume of energy released in
hysteresis loops that theoretically calculated from the model with identified from self-heating temperature data
under different load conditions to independent experimental measurements showed their satisfactory
convergence and justified the main methodological hypothesis of the current work. The applied engineering
problem of calculation of the thermo-deformed state of a pneumatic tire on the basis of the developed in the
research computational approach and found experimental data are solved. A number of three-dimensional FE
models of pneumatic tires has been created, which allow to determine its thermal and stressed states that formed
in operation. The models have been created in 3d statement considering multilayer structure, curvilinear
orthotropic properties, geometric and physical nonlinearity within the submodeling approach. A deformed state of
pneumatic tires has been carried out depends on the different load cond itions as well as on the temperature field
that is generated. The influence of the thermal field on the deformed state of a pneumatic tire is investigated. The
results obtained in the dissertation are implemented in the practice of designing, research and development work
of JSC "ROSAVA TIRERS" (tire engineering and manufacturing company), and into the educational process of NTU
"KhPTI".
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