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1. TTo6yoBa epeKTHBHUX iHKEHEPHUX OLiHOK HAIIPYy>KeHb B 30HAX KOHLIEHTPALlii TOHKOJINCTOBUX CTUKOBUX 3BAPHUX
3'eIHaHb

2. Development of effective engineering estimates of stresses in the concentration zones of thin-sheet butt welded
joints

Pedepar:

1. PoboTa npucssiueHa 00rpyHTYBaHHIO HOBUX (YHKIIIOHAIBHUX 3aJIEXKHOCTEN Ta MaTeMaTUYHUX (POopMyJT 115t
PO3paxyHKY HalpyXeHb B 30HaX Nepexofy Bif, MiZiICUIeHHS Ta KOPEHsI IBa 10 OCHOBHOI'O MeTajly TOHKOJIMCTOBUX
CTUKOBUX 3'€[IHaHb, BUKOHAHMX 3BapIOBaHHSM IJIaBJleHHSIM. Ha 6a3i mogu¢ikoBaHoi rinores3u jamaHux rnepepisis
OoTpuMaHi HOBi MaTeMaTnyHi popmynu 17151 BusHaueHHs TeopeTnuHux KKH y cCTMKOBUX 3BapHUX 3'€AHAHHSX Pi3HOI
KoHiryparuji. Bnepiue 3anponoHoBaHi iHXeHepHi MixX0oay 10 BU3HAUYEHHS HAIIPY>KEHb B OKOJIi KOpEHS 11Ba
CTMKOBOT'O 3BaPHOTO 3'€JHAHHS 3 ACUMETPUYHUM MiICUIeHHSIM. TeopeTUYHO 06T PYHTOBAHI 3a/1€5KHOCTI /1715

BU3HA4YEHHS HANIPY)XEHb B OKOJIi KOHLIEHTPATOPiB HANPyKE€Hb Ha MPOTUJIEXKHUX CTOPOHAX 3'€IHAHHS, SIKi YMHSTD

OJIVH Ha OJHOTO B3a€EMHUIA BILJIMB. YJOCKOHAJIEHO METOJ, €eKBiBasieHTHOI rycTuHM eHeprii nedpopmarii (ESED) B



YaCTHHi BpaxyBaHHS 3aJIMIIKOBUX HAIIPy>KEHb Ta BCTAHOBJIEHI MaTEMAaTU4HiI (OPMYJIU 11719 BUBHAUEHHS
MaKCHUMAaJILHOTO HANPY>XEHHS B KOHLEHTPATOPI 3a MeKaMU NPY>KHOCTI [171 Pi3HUX THUIIIB YMOBHUX Jliarpam
IepopMyBaHHS. 3alIPOIIOHOBAHO €KCIIEPUMEHTAIBHO-PO3PAaXyHKOBY METOJMKY BU3HAUEHHS TPaHULLi OOMEKEHOI
BUTPUBAJIOCTI CTUKOBUX 3BAPHUX 3'€JHAHb 3 ONYKJIOCTSIMU IIBA Ta 3aJIMIIKOBUMU 3BapIOBATIbHUMU HAIIPY>KEHHSIMU
(33H) Ha ocHOBi 62a30B01 KPUBOI.

2. The thesis is devoted to the substantiation of new functional dependencies and mathematical formulas for
calculating stresses in the transition zones from reinforcement and weld root to base metal of thin-sheet butt
joints made by fusion welding. These dependencies are based on a modified hypothesis of broken sections. A
computational-experimental procedure for determining the bounded endurance limit of butt-welded joints is also
proposed, considering the actually acting stresses in the zones of their concentration and the magnitude of
residual welding stresses in these zones. Based on the modified hypothesis of broken sections, new mathematical
formulas were obtained for determining theoretical SCF in a butt welded thin-sheet joint with a double-sided seam
during tension and bending. Mathematical expressions describing the change in stresses from axial load and
bending moment in stress concentration zones both along the contour and along the depth of the butt welded
joint without root convexity of the weld have been obtained, which allows determining stresses on the surface of
the transition zone from the weld to the base metal and on the root side of the weld. Based on the modified
hypothesis of broken sections, functional dependencies have been established for determining stresses in the
transition zones from the weld root to the base metal of a butt welded joint. Mathematical formulas for
determining the SCF on the fusion line of the weld root with the base metal depending on the geometric
dimensions of the reinforcement and the root convexity have been substantiated. The influence of the mutual
displacement of the axes of symmetry of the face reinforcement and the root of the weld on the magnitude and
nature of the stress distribution on the root side of the joint was investigated, and mathematical formulas for
determining the SCF on the fusion lines of the root of the weld with the base metal were improved. For the first
time, analytical formulas for determining the theoretical SCF at the fusion line of the weld root with the base metal
have been obtained, which consider the initial angular deformation. It has been proven that the presence of the
initial angular deformation leads not only to an increase in stresses on the front side of the joints, but also to their
decrease on the root side. Based on the modified hypothesis of broken sections, functional dependencies have
been established to determine the stresses in the vicinity of stress concentrators on the front and root sides of the
butt weld, which have a mutual influence on each other. Mathematical expressions have been obtained that
describe the change in stresses from axial load and bending moment at all points of the broken section from the
contour of the concentrator on the front side to the contour of the concentrator on the weld root. The equivalent
strain energy density (ESED) method was improved in terms of considering residual stresses and mathematical
formulas were established to determine the maximum stress in the concentrator beyond the elastic limit for
various types of conditional deformation diagrams, which allowed determining the actual characteristics of the
loading cycle of samples considering plastic deformations in concentration zones. An experimental-computational
procedure for determining the bounded endurance limit of butt-welded joints with weld bulges and residual
welding stresses (RWS) based on the base curve is proposed. The stress range was calculated and determined,
which corresponds to the stress range of the base curve based on 2:106 cycles, and the calculated-experimental
fatigue curve of the butt-welded joints of aluminum alloy AA2219 with a thickness of 2 mm samples was
constructed.
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