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1. YoockoHaseHHs1 TeXHOJIOTIi po37aBaHHs TPYyOUaCTHX 3arOTOBOK IIJIIXOM CTBOPEHHS HECUMETPUYHOTO OCEPEKY
nedbopmariii

2. Improvement of Tube Blank Expanding Technology by Creating an Asymmetric Deformation Zone

Pedepat/anoTanis:

1. Incepraniiina po60Ta IPUCBIYeHA BUPIIEHHIO aKTyaJbHOIO HAYKOBO-TEXHIYHOTO 3aBJIJaHHS 3 yIOCKOHAJIEHHS
TEXHOJIOTil po3[laBaHHs TPyOUaCTUX LUIIHIPUYHUX 3aTOTOBOK HIJIIXOM 3aCTOCYBAaHHSI HECUMETPUYHOTO OCEPEKY
nedopmarii. AKTyasbHICTb JOCIIIKEHHS 3yMOBJIEHA IIMPOKUM BUKOPUCTAHHSIM TPYOONPOBIHUX €JIEMEHTIB Y
TPaHCIOPTHIH, aBialliliHill, KOCMi4Hil, Xap4yoBiil, HAapTONEPEPOOHiN Ta XiMiYHIll TPOMHUCIOBOCTI, JO SKUX
BHCYBaIOThCS MiJBUIIEHI BUMOTH IOJ0 MIJTHOCTI, HalilHOCTIi, TepMETUYHOCTi, KOPO3ilHOI CTIKOCTi Ta
IoBrosiuHocTi. Iif yac TpaguUifHOrO IpoLlecy po3/aBaHHs BiiOyBaeThCs IOKAJIbHE TOTOHLIEHHS CTiHKU TPYOH, 1110
NOTipIIye eKCIyaTalliliHi XapaKTepUCTUKU BUPOOY Ta MOTPeOye BUKOPUCTAHHS 3arOTOBOK 6i/1bIIOI TOBLIIUHY,
301/IbLIYI049M MATEPiaJIOMICTKICTh KOHCTPYKLiM. METOI0 NOCiIKEHHS € MiABUILEHHS €(PEKTUBHOCTI IPOLECy

PO3/IaBaHHS HUJIIHAPUYIHUX 3aTOTOBOK i3 BUKOPUCTAHHSIM ACUMETPUYHOTO OCHAIIEeHHS. JJ1s1 MOCSITHEHHS



IIOCTAaBJIEHOI METU BUKOHAHO aHaJIi3 iCHYIOYMX TEXHOJIOTiM PO3[IaBaHHS, PO3POOIEHO MAaTEMAaTUYHY MOJEJIb
[IpoLieCy PO37aBaHHS HECUMETPUYHUM iHCTPYMEHTOM, TOCJIiIKEHO BILJIMB II03L0BKHBOTO 3BAPHOTO LIBA HA
HalnpyXeHo-1e(dOpPMOBaHUI1 CTaH, IPOBELIEHO YUCENIbHI Ta (i3MUHI €eKCIIEPUMEHTH, a TAKOX CHPOPMOBAHO
[IPaKTU4HI peKoMeHallii 110710 BIPOBaJ)KEHHS 3aIIPOIIOHOBAHOI TEXHOJI0Tii. O6'€KTOM NOCTIIPKEHHS € IPOLIECU
PO3JiaBaHHs TPyOUaCTUX LUJIHAPUYHMX 3aTOTOBOK i3 MeTayeBUX CIIABIB. [IpeMeToM JOCTiIKEHHS € CYKyITHICTb
KOHCTPYKTUBHUX 1 TEXHOJIOTIYHUX PaKTOPiB, 1110 BIJINBAIOTh HA HAIPY>KeHO-11e(POPMOBAHUI CTaH OCEPENKY
njacTU4Hoi Aedopmallii nifg yac po3gaBaHHA. Y poOOTi Blieplie BCTAaHOBJIEHO 3aKOHOMIPHOCTI po3Nofiny
KOMIIOHEHTiB T€H30pa HAIPY>KEHb IiJ] YaC HECUMETPUYHOTrO PO3/1aBaHHS Ui HIPUYHOI 3arOTOBKU y IBOX B3A€EMHO
[epIIeHIVKYJISPHUX HaIlPSMKaX, 110 JO3BOJIMJIO BUBHAUUTY IIapaMeTpy IIPOLeCy, SKi Haiibiiblie BIJINBAIOTh Ha
iHTEHCUBHICTb Hallpy>KeHb B OCEPEIKY NacTu4Hoi Aedopmatii. [Toganpimoro po3BuTky Habysna ¢iznyHa MOAEb
OLIiHIOBaHHSI CTIMKOCTi HeJle(pOpMOBAHOI YaCTUHU 3arOTOBKY 3 YPaxyBaHHSIM 3TMHAJIbHOTO MOMEHTY B
MepHUiOHAJIbHOMY HAINPSIMKY, IO J1a€ MOKJIMBICTb IPOTHO3YBAaTH BUHUKHEHHSI TOPPOYTBOPEHHS HA eTarli
IIPOEKTYBAHHS TEXHOJIOTIYHOrO MpoLecy. PO3MMPEHO yABIEHHS PO JIOKAJIbHY aHi30TPOIIiI0 MEXaHIYHUX
BJIACTMBOCTE MaTepiajy, 00yMOBJIEHY HasIBHICTIO 103[,0BKHbOT0 3BAPHOTO 11B4, 10 [03BOJIsSl€ BPAaxOBYBATH ii Mif,
4yac po3paxyHKiB Halpy>keHO-1e(dOPMOBAHOTO CTaHy. [IpakTH4HA LiHHICTh pOOOTHU MOJISITae Y pO3pO6JIeHH] Ta
HayKOBOMY OOI'PYHTYBaHHi pecypco36epiraiouoro crioco6y po3saBaHHsl HECUMETPUYHUM IIyaHCOHOM, SIKUH
3abe3rnevye 3MEHIIEeHHs! Pi3HOTOBIIMHHOCTI BUPOOY, MiZiBUIIEHHS SIKOCTi CGOPMOBAHOTO pO3TPyba Ta MOXKJINBICTh
BU3HA4YEHHS ONTMMAJbHUX TEXHOJIOTIYHUX MTapaMeTpiB Npoljecy. Pe3yibTaTi YMCeIbHOr0 MOJEII0BaHHS
HiATBEpAKEHI eKCIIEPUMEHTAIbHUMU JOCIIiIKEHHSIMU, 30KpeMa BUMIpPIOBaHHIM JIeopMalliil TPyOHUX 3arOTOBOK i
PEHTIeHOCTPYKTYPHUM aHasli3oM 3BapHOTO 1IBa JI0 Ta Micjls M1acTU4YHOi gedopmauii. OTpumaHi pesyibTaTi
MO>XXYTb OYTU BUKOPUCTAHI IIiJ] Yac MPOEKTYBAHHS TEXHOJIOTIYHUX NPOLIECiB BUTOTOBJIEHHS TPY6UaCTUX AeTaneil y
MaIIMHOOYyBaHHi, TPAHCIIOPTHIH, aBialliifiHill Ta iHIMMX rajy3sax NPOMUCJOBOCTI, 1€ BUCYBAIOThCS MiJIBUILEH]
BHMMOTI'Y JI0 HaJliHHOCTI Ta LOBroBiYHOCTi TpyOOIpoBinHUX cucteM. Kio4oBi coBa: po3naBaHHs TPy64yacTux
3aroTOBOK, IJIACTUYHA AedopMallis, HeCUMETPUUHUN ocepenoK gedopmaliii, HanpykeHo-IedpopMoBaHUl CTaH,
3BApHUII IIOB, MATEMATUYHE MOJEJIOBAHHS, YNCEJIbHUI eKCIIEPUMEHT, Pecypco3bepiraioya TeXHOJIOTIsL.

2. The dissertation is devoted to solving an important scientific and technical problem of improving the technology
of expanding cylindrical tubular blanks by applying an asymmetric deformation zone. The relevance of the study is
determined by the widespread use of pipeline components in the transport, aviation, aerospace, food, oil refining,
and chemical industries, where high requirements are imposed on strength, reliability, tightness, corrosion
resistance, and durability. During the conventional tube expanding process, local wall thinning occurs, leading to
deterioration of the product's performance and requiring the use of thicker blanks, thereby increasing material
consumption. The aim of the research is to improve the efficiency of the tube expanding process by using
asymmetric tooling. To achieve this goal, existing tube expanding technologies were analyzed, a mathematical
model of the process using an asymmetric tool was developed, the influence of the longitudinal welded seam on
the stress-strain state was investigated, numerical and experimental studies were carried out, and practical
recommendations for implementing the proposed technology were developed. The object of the research is the
process of expanding cylindrical tubular blanks made of metallic materials. The subject of the research is the set of
design and technological factors affecting the stress-strain state of the plastic deformation zone during tube
expanding. For the first time, the regularities of stress tensor component distribution during asymmetric
expansion of cylindrical tubular blanks in two mutually perpendicular directions were established, making it
possible to identify the process parameters that have the greatest influence on stress intensity in the deformation
zone. The physical model for assessing the stability of the undeformed part of the blank, considering the bending
moment in the meridional direction, was further developed, enabling prediction of wrinkling during process
design. The understanding of local anisotropy of material mechanical properties caused by the longitudinal welded
seam was further extended, allowing this effect to be taken into account when calculating the stress-strain state.
The practical significance of the research lies in the development and scientific substantiation of a resource-
efficient tube expanding method using an asymmetric punch, which reduces wall thickness variation, improves the
quality of the expanded section, and enables determination of optimal technological process parameters. The



numerical simulation results were confirmed experimentally by measuring the deformation of tubular blanks and
conducting X-ray diffraction analysis of the welded seam before and after plastic deformation. The obtained
results can be applied in designing manufacturing processes for tubular components used in mechanical
engineering, transport, aviation, and other industries where high reliability and durability of pipeline systems are
required. Keywords: tube expanding, tubular blanks, plastic deformation, asymmetric deformation zone, stress-
strain state, welded seam, mathematical modeling, numerical simulation, resource-efficient technology.
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