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Pedepar:

1. Inceprauiiina po60oTa IpUCBIY€Ha BUBYEHHIO NIOBeiHKY Aedopmallii maTepiany i MexaHi3my IJIaCTUYHOI Teuii B
[IpoLeCi 3BapIOBaHHs, @ TAKOX BIUIMBY ITapaMETPIB IIPOLECY Ha MiIKPOCTPYKTYPY i ME€XaHi4Hi BJIaCTUBOCTI 3BapHUX
3'eqHaHb. MeTa gucepTaliiiHoOi pO60TU — BCTAHOBUTH 3aKOHOMIPHOCTI BIIJIMBY TEXHOJIOTIYHUX APaMETPiB
(mBUAIKOCTI O6EPTAHHS, LIBUAKOCTI 3BaPIOBAHHS, JliaMeTpa iHCTPYMEHTY) Ha SIKiCTb 3BapHUX 3'€JHAHb aJIIOMiHi€EBUX
CIIaBiB IIPU TOYKOBOMY 3BapIOBaHHI TEPTAM 3 [IEpEMIIlyBaHHAM i3 3aIlIOBHEHHSIM [1J1 OIITHMMi3allii IIpouecy Ta
3a0€31e4eHHs BUCOKUX MEXaHIYHUX BIACTUBOCTEN. OO'€KT LOCIIIPKEHHS: IPOLEC YTBOPEHHS 3BaPHUX 3'€JHAHb
amominieBoro craBy 6061-T6, oTprMaHNX METOLOM TOYKOBOTO 3BAPIOBAHHS TEPTIM 3 [IEPEMILTYBAHHAM i3

3arl0BHEHHSM [IpegmeT JoCiIpKeHHs: 3aKOHOMIPHOCTI BIIJIMBY T€XHOJIOTIYHUX [TapaMeTpiB (AiameTpa



nepeMilllyBasbHOTO iHCTPYMEHTY, IIBUAKOCTI 06€pTaHHS Ta IIBUAKOCTI 3BapPIOBAHHSI) HA MiKPOCTPYKTYPY, MEXaHi4yHi
BJIACTMBOCTI Ta MexaHi3aMu popMyBaHHS 3'€IHaHb ajtoMiHieBoro criaBy 6061-T6. 3a pedynbTaTamMu JOCHTiIKEHHS
OTPMMAaHO HACTYIIHI HAyKOBi pe3ysbTaTy: Briepue: 1. CUCTEMHO JOCIIIKEHO 3 YIOCKOHAJIIEHHSM I1'SITh THUIIIB
[epeMillyI0unx iIHCTPYMEHTIB AiameTpoM 6-10 MM Ta BCTAHOBJIEHO OINTUMAJIbHI TEXHOJIOTIYHI ITapaMeTpu [AJIs
6e3xmedeKTHOro 3BaploBaHHs alloMiHieBOro crsasy 6061-T6 ToBmuHOIO 3 MM. 2. BCTaHOB/IEHO 3aKOHOMIPHOCTI
dopmyBaHHs xapakTepHoro "U"-noni6Horo npodisio nonepeyHoro rnepepisy 3sapHOro 1Bsa 3 po3mipamy, 110 Aelo
[IEPEBUILYIOTh PO3MipU iHCTPYMEHTY, Ta BUSIBJIEHO TP OCHOBHI 30HU: 30HY BILJIMBY CTPVOKHSI, 30HY BIIJIMBY TijIb3U
Ta 30Hy TEPMOMEXAHIYHOTO BILUIMBY. 3. BU3HAU€HO KPUTUYHY POJIb "30HU 3UEIVIEHHS IPU PPUKLIAHOMY
3aKJIeNlyBaHHi 3 epeMmilryBaHHIM" y 3a06e3ledyeHHi eKCIUTyaTaliiHuX XapaKTepUCTUK 3BAPHOTO LIBA Ta BCTAHOBJIEHO
KOPEJIALII0 MK pO3MiPpOM 3€PHA Ta I10JIOKEHHSM 30HU. 4. BCTAaHOBJIEHO NIPSAMY 3JIEXKHICTD MiX JjiaMeTpOM
IHCTPYMEHTY Ta PiBHEM CUJIM PO3TATYIOYOTO 3CyBY: 9,27; 13,74; 14,79; 16,83 Ta 18,16 KH 1714 giamertpis 6-10 Mm
BiATIOBiHO, IO MiITBEPIKYE NiaMeTp iHCTPYMEHTY SK KJII0YOBUI (akTop MilHOCTI 3'efHanHHS. 5. Po3pobyieHo
mMareMaTuyHy mozeJb Ha 6a3i Deform V11.0, 1m0 onucye rnpoiec ToOUKOBOTO 3BapIOBaHHS TEPTSIM 3 IIepeMilllyBaHHIM
Ta I03BOJISIE IPOTHO3YBATH TEMIIEPATYPHI 110J14, HAIIPY>)KEHHSI Ta XapaKTep Teuii MeTaly B 30Hi 3BapIOBaHHI. 6.
BcraHoBiieHO [1Ba MexaHi3Mu GOPMyBaHHS 3'€JHAHDb 3aJI€XKHO BiJl liaMeTpa iHCTPYMEHTY: "TE€PTSI 3CYBY - OOEPTaHHS
Ha MicLi" 171 Manux JgiaMeTpiB Ta "IBOCTOPOHHIN 3CYB - LIEHTPaIbHUAN OCbOBUI NOTIK" IJ151 BEIUKUX TliaMETPiB.
3aBIaHHS JOCHiIKeHHs: PO3po6uTH Ta BUTOTOBUTH IIE€PEMIllyIOUi iIHCTPYMEHTH Pi3HUX AiaMETPiB [J1s1 TOUKOBOTO
3BapIOBAHHS TEPTSIM 3 [IepEMilllyBaHHSM TOBCTHUX aJIIOMiHi€BUX IIIUT. 1. BCTAHOBUTYU BIIJIUB TEXHOJIOTIYHUAX
napamMeTpiB Ha GOPMYBaHHS MiKPOCTPYKTYpPHU Ta 30HAJIBHOTO PO3IIOZiNY B 3BAPHUX 3'€JHAHHSX. 2. [JoCcmignuTu
MeXaHiyHi BJIaCTUBOCTI 3'€elHaHb Ta BUBHAUUTHU ONTUMAJbHI peKUMHU 3BapioBaHHs. 3. PO3po6uTu MaTeMaTU4yHy
MOJieJIb IPOLieCY TOYKOBOTO 3BapIOBaHHS TEPTSIM 3 II€PEMIlllyBaHHSM [J151 IPOTHO3YBaHHSI SIKOCTI 3'€JHaHb. 4.
BcraHoBUTH MexaHi3MU (POPMYBaHHS 3'€IHAHb [P Pi3HUX AiaMeTpax iHCTpyMeHTY. [IpakTu4He 3Ha4eHHS
OTpUMaHUX pe3yJsbTartiB: 1. BctaHOBIEHO KpUTEpii BUOOPY AiaMeTpa iHCTPYMEHTY 3aJIeXHO Bifl BUMOT [10 MilIHOCTi
3'eJHAHHS: MEHII iaMeTpU MIPU3BOISITh 1O PYMHYBAHHS 110 MEXI PO3iny, 6i/1blli — 0 YaCTKOBOT'O PyHHYBaHHS
30HU nepemimyBaHHd. 2. CTBOPEHO METOZ0JIOTII0 IPOTHO3YBAaHHS MEXAHIYHMX BJIACTUBOCTEN 3'€IHaHb HA OCHOBI
MaTEMaTUYHOrO MOJEIOBAHHS ITpoLecy. 3. Pe3ybTaTy BIIpOBaaKeHi B HaByanbHui npouec HTY "XIII" Ta MOXKYTb
OyTy BUKOPUCTaHIi B aBTOMOOIJIbHIN, 3a/1i3HNYHII1 Ta a8POKOCMIUHIN IPOMUCIIOBOCTI. 4. PO3po6UTU Ta BUTOTOBUTU
IepeMillyiodi iHCTPyMEHTHU Pi3HUX LiaMETPiB 1111 TOYKOBOI'O 3BapIOBAHHS TEPTAM 3 [IEPEMIIIyBaHHAM TOBCTUX
aJIIOMiHi€BUX IJUT. 5. PO3p06sI€HO TEXHOJIOTIUHI peKOMeHallii 11[0/10 BU60PY ONTUMAIbHUX [TapaMeTpPiB TOYKOBOTO
3BApIOBAHHS TEPTIM 3 IE€PEMILTYBaHHAIM JJIs1 TIPOMUCIIOBOTO 3aCTOCYBAHHS MIPYU 3'€JHAaHHI TOBCTUX aJIIOMiHi€BUX

IJIAT.

2. The dissertation is devoted to the study of material deformation behavior and plastic flow mechanisms during
welding, as well as the influence of process parameters on the microstructure and mechanical properties of
welded joints. The aim of the dissertation is to establish the regularities of the influence of technological
parameters (rotation speed, welding speed, tool diameter) on the quality of welded joints produced by refill friction
stir spot welding of aluminum alloys, in order to optimize the process and ensure high mechanical properties.
Object of research: welded joints of 3 mm thick 6061-T6 aluminum alloy produced by refill friction stir spot
welding. Subject of research: the influence of stirring tool diameter (6-10 mm), rotation speed (1000-1600 rpm),
and welding speed (20-50 mm /min) on the microstructure, mechanical properties, and formation mechanisms of
6061-T6 aluminum alloy joints. Scientific results obtained for the first time: 1. Five types of stirring tools with
diameters of 6-10 mm were systematically studied, and optimal technological parameters for defect-free welding
of 3 mm thick 6061-T6 aluminum alloy were established. 2. The formation patterns of the characteristic «U» -
shaped weld cross-section, slightly larger than the tool dimensions, were identified, and three main zones were
distinguished: Pin Affected Zone (PAZ), Sleeve Affected Zone (SAZ), and Thermo-Mechanically Affected Zone
(TMAZ). 3. The critical role of the «Friction Stir Riveting Bonding Zone» in ensuring joint performance was
determined, and correlations between grain size and zone location were established. 4. A direct relationship
between tool diameter and tensile-shear force was established: 9.27, 13.74, 14.79, 16.83, and 18.16 kN for tool
diameters of 6-10 mm, respectively, confirming the tool diameter as a key factor in joint strength. 5. A numerical



model based on Deform V11.0 was developed, accurately describing the RFSSW process and enabling prediction of
temperature fields, stresses, and metal flow in the welding zone. 6. Two mechanisms of joint formation were
identified depending on tool diameter: “shear friction-in-situ rotation” for smaller diameters and “bilateral
shear-central axial flow” for larger diameters. Research objectives: To develop and manufacture mixing tools of
various diameters for friction spot welding of thick aluminum plates. 1. To determine the influence of technological
parameters on the formation of microstructure and zonal distribution in welded joints. 2. Investigate the
mechanical properties of joints and determine the optimal welding modes. 3. Develop a mathematical model of the
friction stir spot welding process to predict the quality of joints. 4. Establish the mechanisms of joint formation at
different tool diameters. Practical significance of the results obtained: 1. Criteria for selecting the diameter of the
tool depending on the strength requirements of the joint have been established: smaller diameters lead to
destruction at the interface, larger ones - to partial destruction of the mixing zone. 2. A methodology for
predicting the mechanical properties of joints based on mathematical modelling of the process has been
developed. 3. The results have been implemented in the educational process at NTU ‘KhPI’ and can be used in the
automotive, railway and aerospace industries. 4. Develop and manufacture mixing tools of various diameters for
friction spot welding with mixing of thick aluminium plates. 5. Technological recommendations have been
developed for selecting the optimal parameters of friction spot welding with mixing for industrial application in
the joining of thick aluminium plates.
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VIII. 3akar04Hi BimoMocTi

BaacHe IlpizBuie Im's [10-6aTbKOBI Amutpuk Bitaniii BonoauMuposnd
rOJIOBH paau

BaacHe IlpizBuie Im's [10-6aTbKOBI Amutpuk Bitaniii Bonogumuposnd
rOJIOBYIOYOrO Ha 3aCiflaHHi

BiamoBiganibHUH 32 MiATOTOBKY Hi Lzstab
00JIIKOBHX JJOKYMEHTIB

PeecTpartop IOpuenko TetsiHa AHaToiiBHA

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZITIOBiZJaJIbHUM 32 PEECTpalLilo HayKoBoi IOpuenko TeTsHa AHaToiiBHA
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