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1. MeTon BU3HAUYEHHS XapaKTEPUCTUK IUHAMIKYM Ta MIIJHOCTi €JIeMEHTIiB KOHCTPYKLil aBiallitHUX ra3o0TypOiHHUAX
IBUTYHIB 3 KOMITO3ULITHNX MaTepiaiB

2. A determination method of the characteristics of dynamics and strength of aircraft gas turbine engine structural
elements made of composite materials

Pedepar:

1. Inceprarnifina po60Ta IPUCBAYEHA aKTyaJbHOMY IIMTAHHIO PO3POOKM METOAY BU3HAYEHHS XapaKTEPUCTUK
IOVHAMIKHY i MilJHOCTI aBialliiHUX KOHCTPYKLil, BATOTOBJICHUX 3 I1OJIIMEPHUX KOMIIO3ULiHNX MaTepiamnis (KM)
TPUBHMMIPHO apMOBaHOi CTPYKTYpH. B po60Ti BUKOHAHO aHali3 Ipo6ieMU BIPOBaIKEHHS JeTajeil i3
KOMIIO3ULIITHMX MaTepiajliB B KOHCTPYKIiIO aBiallilHUX ABUTYHIB Ha IIPUKJIAJli IIUPOKOXOPIHOI JIONIATKU

BEHTWJIATOPA Ta jionati nosirpsHoro reunTa (I1I'). Maroun HU3Ky nepesar, y IOPiBHSIHHI 3 TpaguLiiHUMU



METaJIEBUMU KOHCTPYKUIMHMMU Marepiasamu, KOMIIO3UTHA MAKOTh aHI30TPOIIHI BJIACTUBOCTI, 10 NIPU3BOLUTD 110
3HAYHOTO 301IbIIeHHS 006CATY KBaliiKaliiHUX JOCTiIKeHb MaTepiany. BusHaueHHs xapakTepUCTHUK MaTepiay, sKi
BAKOPUCTOBYIOTbCS B PO3PaxyHKaXxX Ha MillHICTb KOHCTPYKLi BiJl Aii CTATUYHUX Ta IMHAMIYHMX HABAHTaKE€Hb
peasi3yeTbCs 3a BOMA MifXonaMy — (PEHOMEHOJIOTIYHUM Ta TEOPETUYHUM. [IpoBeieHO OOrpYHTYBaHHS
BUKOPUCTAaHHS TEOPETUYHUX METOIiB BU3HAYEHHS XapaKTEPUCTUK IIPYKHOCTI Ta MIIJHOCTI B KOMITO3UTaX CKJIagHOI
CTPYKTypY apMyBaHHsI. Po3p006s1eHO YyrcebHUI MEeTO, BU3HAUYEeHHS €(DEKTUBHUX IIPYKHUX XapaKTepPUCTUK
TPUBHAMIPHO apMOBAaHMX KOMIIO3ULIIMHNAX MaTePialiB 3a BilOMUMU BIaCTUBOCTSIM CTPYKTYPHUX KOMIIOHEHTIB.
[Ipouenypa romoreHisatlii 6a3yeTbcs Ha MATEMAaTUYHOMY MOJIEJIIOBAHHI [TPECTaBHULILKOTO eJIeMEHTa 00'eMYy, IJ1s
SKOTO BU3HAY€HO I'PaHNYHI YMOBH. 32 OITIOMOTOIO [IPOBEAEHHS Cepii YNCEbHUX €KCIIEPUMEHTIB 3HAUIEHO
eeKTUBHI IPYXHi XapaKTE€pPUCTUKNA TOMOT€HHOT'O OPTOTPOIIHOIO MaTepiaiy, €KBiBaJleHTHOTO TPUBUMIPHO
apmoBaHoMy KM. CTBOp€HO aHaJIiTUMHO-YNCEJIbHUI METO/, BU3HAUEHHSI ITapaMeTpiB KBaJPaTUYHOIO KPUTEPIIO
MIIJHOCTi OPTOTPOIIHOTO TiJla, IKUI yPaxoBYye Pi3HULII0 MEX MILJHOCTI IIpU pO3TATY Ta CTUCKY. Po3pobieHa
npolenypa 6a3yeTbCst HA MaTeMaTUYHOMY MOJIeJII0BaHHI ITPeJCTaBHULIBKOTO eJIeMeHTa 00’'eMy TPUBUMIPHO
apmoBaHoro KM. JleB’dTb 3 IBaHALSATA KOHCTAHT KPUTEPil0 OGHO3HAYHO BU3HAYAIOTHCS 110 PE3YJIbTaTaM
OJIHOBiICHUX €KCIIEPUMEHTIB Ha PO3TAT (CTUCK) Ta YUCTUI 3cyB. OCTaHHI TPU KOHCTAHTH PO3PAXOBYIOTbCSI TAKUMU,
1106 aBTOMATUYHO BUKOHYBaJacs yMOBa iCHYBaHHS [TOBEPXHI MILIHOCTI eJIincoifHoro Tuimy. 3a 10MnoMoromo
MIPOBEIEHHSI cepil YMCeIbHUX eKCIIePUMEHTIB BU3HAY€HO BCi rpaHuIli MilJTHOCTI Ta koedillieHTH KpUutepito MiltHOCTI
TOMOT€HHOTO OPTOTPOIIHOT'O MaTepiay, €KBiBaJIEHTHOTO TpUBUMipHO apmoBaHoMy KM. OnncaHo 3aranbHy
MaTeMaTU4HYy [IOCTAHOBKY 3a1ad4i Teopii IpyKHOCTI AJ151 aHasli3y IMHAMIYHMX XapaKTEPUCTHMK KOHCTPYKLIi.
[TpoBeneHO reoMeTpPUYHE MOJEJIIOBAHHS JIONATKY BeHTU sATopa Ta jomnarti [II'. ChopmyIboBaHO [TOBHY CUCTEMY
PIBHSIHB, 10 OINKACY€E MEXAHIYHUI CTaH Tijla B MEXKaxX MiIXONy MEXaHIKM CYLIJILBHUX cepefoBuLl. MeTonoM CKiHUEHUX
€JIEMEHTIB BU3HAYEHO HANPY>KEHO-Ie(POPMOBAHUI CTaH MOJIeJIeH JIONATKU I jionari. [IpyKHi xapakTepucTuKu
Marepiany Oy Mogesiel BU3HAYEHO YUCEIbHUM METOIOM M0 BiJOMUM BJIACTUBOCTSIM KOMIIOHEHTIB KOMIIO3UTY.
BukoHaHo Bepu@ikaliio Mmogesi npeicTaBHULBKOTO eJleMeHTa 00'eMy TPUBUMIPHO apMoBaHoro KM missixom
IIPOBEIEHHS BUNPOOYBaHb HATYPHUX 3Pa3KiB HA PO3TAT i yMcTui 3CyB. Binblia pizHuis y Bepudikauii unceabHOro
Ta €KCIIEPUMEHTAJIbHOTO OCIIIPKeHHS CTAHOBUTD — JIJISI MOIYJIiB PY>KHOCTI 7,57 % (EX), 17151 rpaHuLp MifHOCTI 6,13
% (oy+). 3pificHeHo Bepudikalito Moaesti jgonarti I1I" 3a 1oIoMoroo excrepruMeHTaabHOTO JOCIIKEHHS [TepuInx
II'SITU B1acHUX (POPM i 4acTOT KoauBaHb HaTypHoi sonari I1I. Binbma pisHuis y Bepudikalii yucenibHOro i
€KCIIEPMMEHTAJIBHOTO AOCIIPKEHHS CTAHOBUTS 4,11 % 17151 4acTOTH YeTBepToi (OpMU KoMBaHb. HaykoBa HOBU3HA
IuceprauiiHoi po6otu: 1. Po3po6aeHo HOBUM MeTO[, BU3HaUYeHHS €(DEKTHUBHUX IIPYKHUX XapaKTePUCTUK
KOMITO3ULiIiHMX MaTepiaiB 3a BiJOMUMHU NPYXHUMH BJIACTUBOCTSIMU CTPYKTYPHUX KOMIIOHEHTIB, SIKUI 6a3yeTbCst
Ha MaTEMaTUYHOMY MOJEJIOBaHHI IPeICTABHULBKYX €JIEMEHTIB 00'€MiB 1151 KOMIIO3ULIIHAX MaTepiajliB pi3HUX
CTPYKTYp apMYBaHHs. Bu3HaueHo e(peKTUBHI IPY>KHi CTajli TPMBUMIPHO apMOBAHOT'O KOMITO3ULIMHOrO Marepiany. 2.
CTBOPEHO HOBUH METOJ, BU3HAYEHHS [IapaMETPiB KPUTEPII0 MILIHOCTI KOMIIO3ULIITHUX MaTepiaiB, SKUI BpaxoBye
Pi3HUIII0 MEX MIIJTHOCT] Ha PO3TAT Ta CTUCK i 6a3yeThCsl Ha YUCEJIbHO-aHAITUYHOMY aHasli3i JIOKaJbHUX HAIPY>)XEHb
OKPEMO 11 BOJIOKOH i MaTpuLli. BUBHaY€HO pO3paxyHKOBi 'PaHULLi MilIHOCTI Ta KOe(illieHTU KPUTEPiI0 MiLJHOCTI
TPUBHMMIPHO apMOBAHOTO KOMIIO3ULiIIHOro Martepiasny. 3. HabyB nofasbpmoro po3BUTKY METO/, aHaJIi3y
XapaKTePUCTHUK AMHAMIKU Ta MilIHOCTi pOTOPHUX JeTajel aBialiHUX ra3oTypOiHHUX JBUTYHIB BUTOTOBJIEHHUX i3
KOMIIO3MLiTHUX MaTepiazniB. OCOOIUBICTIO METOLY € Te, IO €(PEKTUBHI IPY>KHI XapaKTePHUCTUKU KOMIIO3ULITHNX
MatepiasiB BU3HAYAIOTLCA YMCEJIbHUM METOLO0M Ta BUKOPUCTOBYIOTLCS [IJIS1 POTOPHUX JieTajlell B AKOCTI
PO3PaxyHKOBHUX XapaKT€PUCTHK €KBiBaJIEHTHOIO TOMOTE€HHOT'O OPTOTPOIIHOTO Martepiaiy, BIaCTUBOCTI SIKOTO
33/1aI0ThCSI B JIOKAJIbHMX 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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