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V. BimoMocTi npo guceprariio
MoBga guceprariii:
Koau TemaTHYHHUX pyopHK: 30.19.51

Tema gucepranii:
1. MaslouukI0Ba BTOMa IIOBEPXHEBO 3MIIJHEHMX KOHCTPYKTUBHUX €JIEMEHTIB 3 BpaXyBaHHSM IOIIKOIKYBAaHOCTI

2. Low-cycle fatigue of surface-hardened structural elements with regard to damageability.

Pedepar:

1. Inceprariiina po60Ta IPUCBIYeHA OLiHIOBAHHIO TOBIOBIYHOCTI IIPY MAJIOLMKJIOBIN BTOMi TOBEPXHEBO 3MilTHEHUX
KOHCTPYKTUBHUX €JIeMeHTiB. [IpoaHasnizoBaHo icHy104i poOOTU pi3HUX aBTOPIB 1O NIPUCBSIYEH] AaHill TemaTuli 1o
OLiHILIi JOBrOBIYHOCTI [P MaJIOLIMKJIOBIN BTOMI €JIEMEHTIB KOHCTPYKLiY 3 KOHLEHTPATOPAMU HAIIPY>KEHHS Y
BUIJIAA] QYHKIIOHATBHUX OTBOPIB €JIEMEHTIB KOHCTPYKLLii BiflOyBaeThCS IPY>KHO-IIJIACTUYHI AedopMallii Ipy IKux
BVHUKAE SIBUIIE Jerpajallii MEXaHiYHMX XapaKTEPUCTUK 3a PAXYHOK BUHMKHEHHSI Ta HAKOIIMYEHHSI
MTOLIKOJI)KYBAHOCTI. B pe3ysibTati IpoBeIeHO KOMIIJIEKC €KCIIEPUMEHTAJIbHUX JOCIIIPKEHD [JIS1 aJIIOMiHI€BOTO
crasy [1164T, 6ysy oTprMaHi MeXaHiuHi XapaKTepUCTUKY NIPYU CTATUYHOMY HaBaHTAXXEHHI [J151 CYLIiIbHUX 3Pa3KiB
Ta KiHETMKY HaKONIMYEHHS IOMKOKEHb Yepe3 3MiHy XapaKTePUCTHUK IIPY>KHOCTI Bill PiBHS IJIACTUYHOI Jedopmaliii.

ByJjio npoBesieHO yncesibHe MOMEIOBAHHS ITPOLIeCy JOPHYBAHHS Ta OTPUMAHO PO3IOLiJ [10JIiB [IOMIKOI)KYBAaHOCT] ¥



30Hi QYHKIiOHAJILHOI'O OTBOPY [JIs1 Pi3HUX PiBHIB IJIACTUYHOTO AedopMyBaHHS. Po3pobyeHa MeTouka BUSHAYEHHS
(ouiHKM) KiNBKOCTI LIMKJIIB 1O PyHHYBaHHS B 3aJIEXKHOCTI Bifl CTyIIeHs IJIaCTUYHOI fedopmaliii Ta piBHS
MaKCHUMAaJILHOTO HAIIPY>KEHHS aJIoMiHieBOro crasy JJ164T. bysio BCTaHOBIIEHO , L0 HAsIBHICTh KOHLEHTPATOPA IIpU

BiZJ[TIOBiZHOMY PiBHI BEJIMYMHM JOPHYBaHH!, HE BILJIMBA€E HA €KCIUIyaTaliiHUI pecypc.

2. The thesis for a candidate of technical science degree in the specialty 05.02.09 - dynamics and strength of
machines.- National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”, Ministry of
Education and Science of Ukraine, Kyiv,2020. The dissertation work is devoted to the estimation of durability at
low - cycle fatigue of superficially strengthened constructive elements. After analysing existing works of various
authors devoted to the topic on the assessment of durability in low-cycle fatigue for structural elements with
stress concentrators in the form of structural holes. It was found that in existing approaches to assess durability,
the damage is not taken into account. Which leads to less accurate results. It is known that during the operation of
structural elements there are elastic-plastic deformations. In which there is a phenomenon of degradation of
mechanical characteristics due to the occurrence and accumulation of damage. The concept and essence of
damage were laid down, even L.M. Kachanov and Y.M. Rabotnov as microstructure changes in structural materials
caused by inverted processes from the action of loads of different nature. The use of this parameter, the damage,
in the calculations can be used as a vector, scalar or tensor. It allows the introduction of this parameter in a large
number of existing models. Moreover, in the study of the analyzed works, it was shown that not all calculations for
low-cycle fatigue for structural elements with stress concentrator take into account hardening due to surface
plastic deformation. That occurs due to technological processes such as stamping holes of segmental
configuration, rolling and mandrel. After analyzing the presented technological processes, it is determined that the
dormant process is widespread due to its simplicity, economy and reliability. The dependence of the change in
microhardness along the radius on the center of the hole on the surface of the material of aluminum alloy D16chT
for perforated samples at 1%, 2%, 3% level of inverted plastic deformation was obtained. From the obtained results,
three different areas of the hardness level of the material are shown. The zone of a sharp change in the value of
microhardness, the zone of moderate change of microhardness and the zone of stabilization of microhardness
caused by the mandrel process. Numerical simulation of the diving process was performed using the numerical
package Abaqus Student Edition. It is determined that the level of maximum damage is in the area of the mandrel
out of the hole. Damage in the middle of the hole is 2-5 times less (depending on the level of pre-deformation)
relative to the maximum value. To assess the impact of operating loads on the strength of power structural
elements with a hole after dunking. To the preliminary results of the calculation of the dredging process, we apply
an additional stage of loading, corresponding to the operating load. As a result of the calculations, the residual
stress fields were obtained, they are presented in equivalent stresses according to 4 strength theory (Mises stress).
It is estimated that as a result of mandreling in the area of the functional hole there are significant compressive
stresses at all levels of plastic hardening. The regularities of the influence of residual stresses on the strength of
power structural elements with a hole after mandrel are established. The regularities of the influence of the level
of residual stresses after mandreling on the number of cycles before failure were experimentally established. It is
shown that for samples with a hole after mandrel at 3% residual plastic deformation for stresses up to and at 2%
residual plastic deformation for stresses up (for a given material), the stress concentrator does not affect
durability. According to the developed model, a generalizing surface of low-cycle fatigue of structural elements (in
the form of samples with a hole) made of aluminium alloy D16chT with pulsating tension (T = 293K) is constructed.
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