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€HEepreTUYHMM IMiAX0I0M

2. Evaluation of strength and life time of structural elements under complex loading using the energy approach

Pedepar:

1. Inceprauiiina po60Ta NpuUcBsSYeHa Npo6sIeMi BU3HAUE€HHS MIIJHOCTI i JOBIOBIYHOCTI €J1eMEHTIB KOHCTPYKLii 3a
CKJIaJHOTO HaBaHTaXeHHs1, POPMYJIIOBAHHIO METOM0JIOTII OLiHKY iX pecypcy po60TH Ha OCHOBI €HepreTUYHOro
Kpurepito. Ha ocHOBI 6ayiaHcy eHeprii Npy>XKHO-I1JIACTUYHOTO Ne(pOPMYBaHHS i €eHepreTUYHUX BTPAT SIKi iyTh Ha
PYIHYBaHHS B JIOKQJIbHOMY 00’€Mi MaTepiany po3po6JIeHO eHEePreTUYHMI KPUTEPiil 1J1 BUSHAYEHHS] TPAHUYHO-
PIBHOBa>KHOTO CTaHy TiJla HABAHTAKEHOT'O PO3TTrOM i 3cyBOM. [Ipy OCATHEHHI €HEePrielo MPY>KHO-TIJIACTUYHOTO
IepopMyBaHHS €Heprii pyfHyBaHHs MaTtepiasy BinOyBaeTbCs po3[isieHHs Tina Ha pparmeHTU. Po3pobieHo
METOJIMKY 7151 BU3HAUEHHS [IMTOMOI €Heprii pylHYBaHHS MaTepialy 3a pO3TAry LMJIiHIPUYHOTO 3pa3Ka i nooyoBi
IIOBHUX PiBHOBOXXHUX Jiarpam AedOpMyBaHHS 3 BAKOPUCTAHHSIM CIELialIbHOTO ITPUCTPOIO 32 JKOPCTKOI CXeMU

HaBaHTakeHHs i peectpauii nedopmanii metogom LIK3 B 1okasbHOMY 00'eMi. [IpoBesieHO HOCITiIKEHHH,



no6yI0BaHO JiarpaMu JeOopMyBaHHS, BUBHAYEHO iCTUHHI HANIpy>KeHHS i gedopMallii, a TaKOX IMTOMY €HEPTilo
PyUHYBaHHS 1715 cIuiaBy AMI'-6. BcTaHOBIEHO, 1110 TMTOMA €HEPTis € iHBapiaHTHOI BEJIMYMHOIO OMiPHOCTI
Marepiany pyHHYBaHHIO i He 3aJI€)KUTb BiJl )KOPCTKOCTi 30BHIITHbOIO HAaBaHTaKE€HHSI. 32 pO3pO06JIEHUM MiIXOJ0M i
ceprudikaniiinmx Bunpooysanb Ha [II1 «Kb «IliBgeHHe» BCTAaHOBJIEHO TPAaHUYHUI POOOYMI TUCK Y NAIMBHOMY 0aKy
pakeTtu-Hocis. [IpoBeeHO po3paxyHOK HanpyxeHo-gedopmosanoro ctany MCE Baiy rigpoTtyp6inu Ta
BCTaHOBJIEHO PeCypC POOOTH 3 BUKOPUCTaHHSIM CUJIOBOTO Mifxozy. [IpoBeleHO eKcriepuMeHTalbHi JOCTiIKEHHS Ta
11o6yJ0BaHO JliarpaMy BTOMHOTO pyliHyBaHH 17151 ctani 20I'C B KoopiMHaTax «[IUTOMa €HEPrist OfHOro LUKy W -

KiZIbKiCTb IIMKJIiB N» Ha OCHOBI $IKOi BUBHaY€HO JOBrOBIUHICTb Bajly rifpotyp6inu Kuiscbkoi TAEC.

2. The thesis is devoted to the analysis of the present state of the problem of strength and durability of structural
elements under complex loading, the results of theoretical and experimental researches are analyzed. According to
the results of the analysis and experimental data, a methodology for determining the strength and durability of
structural elements based on the energy criterion is formulated. On the basis of the balance of elastic-plastic
deformation and energy losses spent on fracture in the local volume of material, the energy criterion is developed
to determine the boundary-equilibrium state of a body under tensile and shear loading. According to the criterion,
damages in the local volume are accumulated under elastic-plastic deformation in a solid body. When energy of
elastic-plastic deformation reaches the energy of material fracture, the body is split into fragments, in the case of
complex loading the energy of elastic-plastic deformation is given as the sum of elastic-plastic deformation under
tension and shear. The method is developed to determine the specific energy of material fracture by tension of a
cylindrical specimen and construction of complete equilibrium diagrams using a special device under rigid mode of
loading. The true deformation is determined using the digital image correlation method (DIC) in the local area
where a homogeneous stress-strain state is achieved. The value of the true stresses is determined and the
diagrams on the basis of which the specific energy of fracture, taking into account internal damages (defects) in
the sample deformation are constructed. The DIC method is based on operations on speckle images of the
optically rough surface and software processing of a number of digital images recorded during loading to track the
movement of the points of the sample deformable surface and to calculate deformations. The method for
determining the specific energy of shear fracture, based on a force chart of cylindrical specimen torsion, is
developed. The method is developed and researches have been carried out on specimens of different degree of
deformation by passing acoustic wave and the dependence of the wave propagation speed on the damage
magnitude is constructed. It is established that the density of the material in the fracture zone decreases with the
change in the wave propagation speed. Investigations are carried out, complete deformation diagrams are
constructed, the true stresses and the specific fracture energy for the AMG-6 alloy are determined. On the basis of
strength characteristics the stress-strain state is established in the wall of the carrier- rocket fuel tank. It is
established that the specific fracture energy is invariant value and does not depend on changes in the external load
rigidity. According to the developed approach and the program of certification tests at SE "Pivdenne" DB, the
developed methodology has been implemented and the maximum working pressure in the fuel tank of the carrier-
rocket is calculated. Using the finite element method, the simulation is performed and the stress-strain state of
the turbine shaft is calculated. The turbine shaft is loaded with torque and bending moment, as well as the tensile
force. Experimental studies are conducted for the shaft material and the specific energy for tensile and torsion is
determined. Considering that the shaft operates under cyclic loads, the change in energy losses of the material in
one load cycle is estimated. The dependence of the change in the magnitude of the deformation energy in one
cycle on the number of load cycles is constructed. According to the results of the studies, the life time of the
turbine shaft is calculated.
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