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1. Tepmo-HanpyKeHUii CTaH B'SI3KONPY>KHUX T'YMOKOPIHUX €JIEMEHTIB KOHCTPYKLiH 3 ypaxyBaHHSIM PO3Cil0BaHHS
eHeprii npu LUKIiYHOMY AedOpMyBaHHI

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

Pedepar:

1. Incepranist Ha 3000YTTSI HAYKOBOTO CTYIEHs KaHJWaTa TeXHIYHUX HayK 3a creuianpHicTio 05.02.09 - nuHamika
Ta MiLHICTb MalIVH. - HallioHaJIbLHUI TEXHIYHUN YHIBEPCUTET, «XapKiBCbKUM MOJITEXHIYHMI iIHCTUTYT», XaPKiB,
2021. Juceprauis NpUCBSIYEHA BUPIIEHHIO [IPUKJIAIHOI IPO6JIEMU PO3BUTKY OOUNCIIOBAJILHUX MiIXOMIB 1O
BUBYEHHS 0COOIMBOCTEN TEIJIOBUX Ta AedOpMalLiiiHUX TPOLIECIB, MO CYNPOBOIXKYIOTh POOOTY B'SI3KOIPYKHUX
MarepiasiB B MAIIMHOOYiBHUX €JIeMEHTaX 3 apMOBAaHMMHU I'yMOBUMU KOMIIO3UTaMU. O6'€KTOM OCIIiIP)KEHHS €
npouecy GOpMyBaHHSI TEPMO-HAIPY>KEHOTO CTaHy B TYMOKOPIHUX €JIEMEHTaX MAllMHOOYIiBHUX KOHCTPYKLIii, 110
IIPALIOIOTh B YMOBAxX LMKJIUHOI gedopmallii 3 ypaxyBaHHSM po3citoBaHHS eHeprii. OCHOBHI T€OPETUYHI [10JI0KEHHS

nuceprauii chopMysIbOBaHi B paMKax PyHIaMEHTaJIbHUX TEOPill IIPY>KHOCTI Ta B'SI3KONPYKHOCTI, TEIJIONPOBiIHOCTI



Ta TepMONPYKHOCTI. OLiHKa Ae(dOPMOBAHOrO Ta HANIPYXEHOTO CTaHiB OyJia IpoBeeHa B PaMKaX iHCTPYMEHTIB
KOMIT'I0oTepHOro 3d-MOZeJIfoBaHHS 3 BUKOPUCTaHHSIM MeTOy cKiHueHHUX esniemeHTiB (MCE). BaraTomaposa
CTPYKTypa CKJIaJleHUX €JIEMEHTIB MOJI€JII0BA/IaCh SIBHO. 3alIPpOIIOHOBAHO YHi(piKOBaHMI METOJO0JIOTIYHUI HifXiT, [0
PO3PaxyHKOBOTO MOJEJIIOBAHHS TEPMO-HAIIPYKEHOT'0 CTaHY, IKE OOYMOBJIEHE Ta CYIIPOBOJKYETbCS HAKOIIMYEHHSIM
TeIlJIa BHACJIAOK PO3CiI0OBaHHS €Heprii IpY UMKIiYHOMY Ie(dOPMYBaHHI B'I3KONPY>KHUX T'YMOKODJHUX €JIEMEHTIB
MamuHOOYAiBHUX KOHCTPYKLiH. [TinXin n03B0JIs€e BUBHAYUTY HEONHOPIIHUM PO3IIOLiI TeEMIIEPATypPHOTO MOJIS B
eJIeMEeHTaX KOHCTPYKLil 3yMOBJIEHUI LIMKJIaMH €KCIUIyaTallilHUX HaBaHTa>XXE€Hb, a TAKOXK, BIIJIUB LIUX TEIJIOBUX
npoleciB Ha HANIpY>KeHU i TeOpMOBaHUIl CTaH KOHCTPYKIiH. [IpoBe€HO KOMIIJIEKC €KCIIEPUMEHTAIBHUX
BUIIPOOYBaHb 3 LUKJIIYHOTO JeOPMYBaHHS OGHOCIPSIMOBAHUX I'YMOIIOIOHUX KOMIIO3UTIB apMOBaHUX
TEKCTUJIbHUM KOPZOM. B'I3KONpy>KHi XapaKTepUCTUKY 1IbOTO MaTepiajy Ta I0Ka3HMKY TeIJIOBUIiIEHHS, HeOOXiaH]
L7151 33CTOCYBaHHSI OOUMCIIIOBAJIBHOTO MiAX0y Y NPUKJIAAHUX JOCIIIPKEHHSX, O0yJIM €KCIIEPUMEHTAJIbHO 3HANEHI.
BcraHoBieHa 3HAYHA aMIUIITYjHA 3aJI€5KHICTb MOJYJIsl BTPAT Ta Yacy pesakcalii nif yac LUKIiYHOro qe(OpMyBaHHS
IOCHiKyBaHOTro MaTepiasy. BusHaueHo MWBUKICTh cTabini3anii TemnepaTypu Ta BeIMYMHY CAaMOHArpiBaHHS B
3aJIEXKHOCTI Bifl 4aCTOTHU Ta aMILIITYyY LUKJIiYHOI fedopmaliii MatepiasniB. Po3pobieHo crelianbHy NpoLenypy Ta
IIporpamHe 3abe3nedeHHs 118 ineHTudikauii B'I3KONPYKHUX Ta JUCUNIATUBHUX IIapaMeTpPiB MaTepianly Ha OCHOBI
YUCEeJIbHOTO MOJIEe/IIOBaHHS TEMIIEPaTypHOro CTaHy LUKJIIYHO 1edOpMOBaHUX 3pa3KiB Ta eKCIIepUMEHTATbHUX
criocrepeskeHsb. [Ipolienypa rossirae y nouyky napaMmeTpiB MaTepiany IUISIXOM MiHiMi3alii moxubku pisHUL]
MOJI€JIbOBAHO]I Ta €KCIIEPUMEHTAJIBHO CIIOCTEPEXXYBAHOI TEMIIEPATYPU CaMOHArpiBaHHSI METOJO0M CTOXaCTUYHOI
onrumisauii. 3aCTOCyBaHHS LbOrO MiIXO4Y 4O3BOJIMIIO BUSIBUTY ITADAMETPU B'SI3KOCTI IIapaMeTpiB MmaTtepiany. Ha
OCHOBI pe3yJIbTaTiB KpUTUYHE TIOPIBHSIHHS OOCATY €HePrii, 1[0 BUINSETHCS B METIISIX IiCTepe3nucy, TEOPETUIHO
PO3paxoBaHe 3a MOJEJJIIO 3 ileHTU(IKOBAaHUMU JaHVUMU TEMIIEPATypy CAMOHArpPiBaHHS B Pi3HUX YMOBax
HABAaHTAXEHHS [I0 HE3aJIEKHUX €KCIIEPMMEHTAIbHUX BUMIPIOBaHb, IOKA3aJIo0 iX 3a10BiJIbHY 301KHICTb Ta
OOIPYHTYBaJIO OCHOBHY METOOJIOTIUHY TifoTe3y JaHoi podoTa. BupimeHo npukiafHy iHXeHepHy 3a1a4dy
PO3paxyHKy TEPMO-HAIPY>KEHOTO CTaHy MHEBMATUYHOI LIMHU Ha OCHOBI pO3P0O0JIEHOTO B AOCIIiJKEHHI

004K CII0BAIBHOTO MiAXOAY Ta 3HANIEHUX €KCIIEPUMEHTANbHUX JaHnX. CTBOPEeHO HU3Ky TpuBuMipHux CE-Mogeneit
IMHEBMATUYHMX LIMH, SIKi TO3BOJISIIOTh BU3HAYATH il TEIJIOBUI TA HANIPY>KEHUIM CTAHY, 10 YTBOPUJIMCS B IIPOLEC]
eKcrulyaTauii. Bysu cTBopeHi TpuBUMIpHI Mogesi 3 ypaxyBaHHSIM 6araTouapoBoi CTPYKTYPH, KPUBOJIHIMHMX
OPTOTPOIHUX BJIIACTUBOCTEN, FEOMETPUYHOI Ta Pi3NYHOI HEJIIHITHOCT] B paMKax Mixony CyOMOAEII0BaHHS.
BusHaueHo neopMoBaHUI CTaHy IHEBMAaTUYHUX IIMH B 3aJI€KHOCTI Bifj Pi3HUX YMOB HaBaHTAKEHHSI, & TAKOX BiJ
TEMIIEPaTyPHOTO I10JIs, IK€ YTBOPIOETHCS. [JOCIIiIKEHO BIJIUB TEIJIOBOTO I10J1s1 Ha 1eOPMOBAHUIA CTaH
IMHEBMaTUYHOI IKHKU. OTpUMaHi B JucepTallii pe3yJbTaTH BIIPOBAIKEH] y IPAKTUKY IPOEKTHO-KOHCTPYKTOPCHKUX,
IOCiIHO-KOHCTPYKTOPChKUX pobiT BAT "ROSAVA TIRERS" (unHOOYAiBHA 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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