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Pedepar:

1. Incepraniifina po60Ta IpUCBsIYEHAa aKTyaJlbHOMY IIMTAHHIO PO3POOKY METOAY BU3HAYEHHS XapaKTePUCTUK
IVHaMiKY i MilJHOCTI aBial[ilHUX KOHCTPYKLiil, BATOTOBJICHUX 3 I10JIIMEPHUX KOMIIO3ULiliHMX MaTepiamnis (KM)
TPUBUMIPHO apMOBaHOi CTPYKTYpHU. B po60Ti BUKOHAHO aHaJjli3 Mpo6eMHU BIIPOBA/IKEHHS feTalel i3
KOMIIO3UIIIHUX MaTepiajliB B KOHCTPYKIiIO aBiallilHUX ABUTYHIB Ha IIPUKJIAJli IIUPOKOXOPAHOI JIONATKU
BEHTUJIATOPA Ta JjionaTi nosirpsiHoro reunTa (I1I'). Marouu HU3Ky nepeBsar, y IOPiBHSIHHI 3 TpaguLiiHUMU
METaJIeBUMHU KOHCTPYKLiMHUMU MaTepiasamu, KOMIIO3UTU MAlOTh aHi30TPOIIHI BJIACTUBOCTI, [0 IPU3BOAUTD 1O
3HAYHOTO 306iIbIIEHHS 00CATY KBasli(pikauilHUX JOCTiaXeHb MaTepiany. BusHaueHHs XapaKTe€pPUCTUK MaTtepiaiy, sKi

BUKOPHMCTOBYIOTBCSI B PO3paxyHKaxX Ha MilJHICTb KOHCTPYKLiM BiJl Aii CTATUYHUX Ta IMHAMIYHMX HABAHTaKE€Hb



peanisyeTbCs 3a IBOMa MiAxogaMu — (PEeHOMEHOJIOTIYHUM Ta TEOPETUYHUM. [IpoBeZieHO OO PYHTYBaHHS
BUKOPHMCTAHHS TEOPETUYHUX METOIiB BU3HAYEHHS XapaKTEPUCTHK IIPY’KHOCTI Ta MIilJHOCTi B KOMIIO3UTaX CKIagHOI
CTPYKTypY apMyBaHHS. PO3p06J1€HO YMCEeIbHUI METO/], BUSHAYEHHS €(DEKTUBHUX MTPY>KHUX XapaKTEPUCTUK
TPUBUAMIPHO apMOBAaHMX KOMIIO3ULIIMHMAX MAaTePialiB 3a BilOMUMU BJIACTUBOCTSIM CTPYKTYPHUX KOMIIOHEHTIB.
[Tpouenypa romoreHisariii 6a3yeTbcss HA MATEMAaTUYHOMY MOJEJIIOBaHHI IIPeICTaBHULBPKOTO eJIeMeHTa 00'eMY, 11JIs
SKOTO BU3HAYEHO I'PaHNYHI YMOBU. 32 IOIIOMOTIOIO [IPOBEEHHS Cepii YNCEJIbHUX €KCIIEPUMEHTIB 3HAUIEHO
eeKTUBHI IPY>XXHi XapaKT€PUCTUKNA TOMOT€HHOTO OPTOTPOIIHOIO MaTepiaiy, €KBiBaJlEHTHOTO TPUBUMIPHO
apmoBaHOMy KM. CTBOpEHO aHAIITUYHO-YMCEJIbHUAN METO, BUSHAYEHHS [IapaMETPiB KBaZPaTUYHOIO KPUTEPIIO
MILIHOCTi OPTOTPOITHOTO TiJIa, IKUI yPaxOBYye Pi3HULII0 MEX MillHOCTI IpU PO3TATY Ta CTUCKY. Po3pobieHa
npouenypa 6a3yeTbCsl HA MATEMAaTUYHOMY MOJIEJIIOBaHHI IIPEICTAaBHULILKOTO €JIEMEHTA 06’'€My TPUBUMIDHO
apmoBaHoro KM. JleB’qTb 3 IBaHAJUSATA KOHCTAHT KPUTEPiI0 OGHO3HAYHO BU3HAYAIOTLCS 110 PE3YJIbTaTaM
OJIHOBICHMX €KCIIEPUMEHTIB Ha PO3TST (CTUCK) Ta YNCTUI 3CcyB. OCTaHHI TP KOHCTAHTU PO3PAXOBYIOTbCS TAKUMU,
11106 aBTOMATUYHO BUKOHYBaJacsl yMOBa iCHYBaHHS [IOBEPXHI MILIHOCTI eJiincoifnHoro Tuimy. 3a 10MnoMoromo
IIPOBEJEHHS CEPii UNCEIbHUX EKCIIEPUMMEHTIB BUBHAUEHO BCi IPaHMLi MiLIHOCTI Ta KoeillieHTU KpUTEPilo MilJHOCTI
TOMOT€HHOTO OPTOTPOIIHOT'O MaTepiay, €KBiBaJIEHTHOTO TpUBUMIpHO apmoBaHoMy KM. OnuncaHo 3aranbHy
MaTeMaTU4Hy [IOCTAHOBKY 3aJla4i Teopii MPyKHOCTI AJ151 aHaJi3y IMHAMIYHUX XapaKTEPUCTHUK KOHCTPYKLiN.
[IpoBeneHO reOMETPUYHE MOJEJIIOBAHHS JIONATKY BeHTU sATopa Ta jonarti [II'. ChopmyboBaHO [TOBHY CUCTEMY
PIBHSIHB, 110 OINKCY€E MEXaHIYHUI CTaH Tijla B MEXKax MiIXOOy MEXaHIKM CYLIJILBHUX cepefoBull. MeTonoM CKiHUEHUX
€JIEMEHTIB BU3HAU€HO HAIPY)XeHO-Ie(POPMOBAHUI CTAH MOJeJIel JIONaTKy i jonaTi. [IpyKHi xapaKTepUCTUKI
Marepiasny s MOJeJiell BU3HAaYEHO YMCEJIbHAM METOJIOM I10 BiJOMUM BJIACTUBOCTSIM KOMITOHEHTIB KOMIIO3UTY.
BukoHaHo Bepu@ikaliio Mmogesi NpecTaBHULBKOTO €JIEMEHTa 06'eMy TPUBUMIPHO apMoBaHoro KM msixom
IIPOBEJIEHHS BUITPOOYBaHb HATYPHUX 3pa3KiB Ha PO3TAT i YMCTUil 3CyB. Binbia pisHuis y Bepudikallii uncenpbHOro
Ta €KCIIEPUMEHTAJIbHOTO NOCIiIPKEHHS CTAHOBUTD — JIJISI MOLYJIiB IPY>KHOCTI 7,57 % (EX), 17151 rpaHuLp MifHOCTI 6,13
% (oy+). 3pificHeHo Bepudikalito moaesti jgonarti I1I" 3a OIOMOroo eKCrepuMeHTaIbHOTO JOCIIKEHHS [1epLUInX
II'SITU BJIaCHUX (POPM i 4aCTOT KOMBaHb HaTypHoi sionari I1I. Binbma pisHuig y Bepudikallii 4McenbHOro i
€KCIIepUMEHTAJIbHOTO JOCIiIKEHHSI CTAaHOBUTD 4,11 % 117151 yacToTH YeTBepTOi (POPMU KOIMBaHb. HaykoBa HOBU3HA
IyceprauiiiHoi po6otu: 1. Po3po6sieHo HOBUI MEeTO[, BU3BHAUEHHS e(DEKTHUBHUX [IPYKHUX XapaKTePUCTUK
KOMIIO3ULiITHMX MaTepiaiB 3a BiJOMUMHU NPY>XKHUMH BJIACTUBOCTSIMU CTPYKTYPHUX KOMIIOHEHTIB, SIKUH 6a3yeTbCst
Ha MaTeMaTUYHOMY MOJIEIIOBAHHI ITPEICTAaBHULPKYX €JIEMEHTIB 06’eMiB Jj151 KOMIIO3MLIIMHMX MaTepiasiB pi3HMX
CTPYKTyp apMyBaHHS. Bu3HaueHo eeKTrBHI IPYXHi cTaji TPUBUMiIpPHO apMOBAaHOT'O KOMITO3UIITHOTO Martepiaiy. 2.
CTBOPEHO HOBUI METOJ, BU3HAYEHHS [IapaMETPiB KPUTEPII0 MILIHOCTI KOMIIO3ULIITHUX MaTepiaiB, SKUI BpaxoBye
Pi3HMIIIO MEX MIIJTHOCTi Ha PO3TAT Ta CTUCK i 6a3yeThCs HA YUCEJIbHO-aHAITUYHOMY aHasli3i JIOKaJIbHUX HAIIPY>XEHb
OKPEMO [1J1 BOJIOKOH i MaTpulli. BU3BHaueHO po3paxyHKOBi I'PaHNULIi MiLIHOCTI Ta KoeillieHTH KpUTEePilo MilJHOCTI
TPUBHUMIPHO apMOBAHOTr0 KOMIIO3ULliiiHOro Martepiasny. 3. HabyB 1ofasbpiioro po3BUTKY METOJ, aHaIizy
XapaKTEPUCTUK AMHAMIKU Ta MilIHOCTi pOTOPHUX J€Tajlel aBialiHUX ra30TypOiHHUX JBUTYHIB BUTOTOBJIEHHUX i3
KOMNO3ULiHUX MaTtepianiB. OCO6IMBICTIO METOAY € Te, 10 e(PEKTUBHI MPY>KHI XapaKTepUCTUKNA KOMIIO3ULIIMHUAX
MarepiasiB BUBHAYAIOTbCS YUCEJIbHUM METOOM Ta BUKOPHCTOBYIOTHCS 711 POTOPHUX AETase B SIKOCTI
PO3PaxyHKOBUX XapaKTEPUCTUK €KBiBaJIEHTHOTO TOMOTEHHOI'O OPTOTPOITHOTO MaTepiay, BIACTUBOCTI SKOTO
331AI0ThCS B JIOKAJIbHUX CUCTEMaX KOOPJMHAT CKiIHYEHUX €JIEMEHTIB B HAMIPSIMKY IIPOCTOPOBOi reoMeTpii
KOHCTPYKII.

2. The dissertation work is devoted to the topical issue of creating a method for determining the dynamics and
strength characteristics of aircraft structures made of polymer composite materials (CM) of a three-dimensional
reinforced structure. The work analyzes the problem of implementing parts made of composite materials into the
design of aircraft engines using, as the example, a wide-chord fan blade and a propeller blade. Having a number of
advantages compared to traditional metal structural materials, composites have anisotropic material properties,
which leads to a significant increase in the volume of material qualification studies. Determination of material
characteristics, which are used in calculations of the strength of structures under the action of static and dynamic
loads, is realized by two approaches - phenomenological and theoretical. Based on the known properties of



structural components, a numerical method for determination of the effective elastic characteristics of three-
dimensionally reinforced composite materials has been developed. The homogenization procedure is based on
mathematical modeling of a representative volume element, for which the boundary conditions are defined. By
conducting a series of numerical experiments, the effective elastic characteristics of the equivalent homogeneous
orthotropic material for three-dimensionally reinforced CM were determined. An analytical-numerical method for
defining the parameters of the quadratic criterion of the strength of an orthotropic body, which takes into account
the difference in strength limits at tension and compression, was created. The developed procedure is based on
mathematical modeling of a representative volume element of three-dimensionally reinforced CM. Nine out of
twelve constants of the criterion are unambiguously determined by the results of uniaxial experiments on tension
(compression) and pure shear. The last three constants are calculated so that the condition for the existence of an
ellipsoidal strength surface was automatically fulfilled. By conducting a series of numerical experiments, all
strength limits and coefficients of the equivalent strength criterion of homogeneous orthotropic material for
three-dimensionally reinforced CM were defined. The general mathematical statement of the problem of elasticity
theory for the analysis of dynamic characteristics of structures was described. Geometric modeling of the fan and
propeller blades was carried out. A complete system of equations, that describes the mechanical state of the body
within the framework of the continuum mechanics approach, was formulated. With the use of finite element
method, the stress-strain state of the fan and propeller blade’s models was determined. The elastic characteristics
of the material for the models were determined by a numerical method based on the known properties of the
composite components. Verification of the model of the representative volume element of the three-dimensionally
reinforced CM was carried out by conducting tensile and pure shear tests of natural samples. The higher
difference in the verification of numerical and experimental research is 7.57% (Ex) for elastic modulus, 6.13% () for
strength limits. Verification of the propeller blade model was performed by the means of an experimental study of
the first five natural frequencies and vibration modes of a natural propeller blade. The higher difference in the
verification of numerical and experimental research is 4.11% for the fourth vibration frequency. Scientific novelty of
the dissertation work: 1. A new method for determination of the effective elastic characteristics of composite
materials based on the known elastic properties of structural components has been developed, which is based on
the mathematical modeling of representative volume elements for composite materials of various reinforcement
structures. The effective elastic properties of a three-dimensionally reinforced composite material have been
determined. 2. A new method for determining the parameters of the strength criterion, which takes into account
the difference between the tensile and compression strength limits, has been created and is based on the analysis
of local stresses separately for fibers and matrix. The calculated strength limits and coefficients of the strength
criterion of a three-dimensionally reinforced composite material have been determined. 3. The method of
analyzing the dynamic characteristics of rotor partof aircraft gas turbine engines made of composite materials has
been further developed. The peculiarity of the method is that the effective elastic characteristics of composite
materials are determined by the numerical method and are used for rotor parts as calculated characteristics of an
equivalent homogeneous orthotropic material, the properties are specified in local coordinate systems of finite
elements in the direction of the spatial geometry of the structure.
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