2025,Vol. 39,No. 5 www. mater-rep. com

R

MATERIALS REPORTS

1060-H24 255 T /B W BL 4 1 BB IR B BUE R L 3

BT AR A E B B sk

1 22 W TR T (o 48 SE o T 5 PR B K 35 5050, 221 730050
2 NPT ARSFAP R 5 TR, 221 730050
3 VEdLA e E TR, P4 710016

48 J0 ABAQUS # FR L33 5 T IR 24 A8 A BAEAE AL 3P H LS L4 B MmAP S T A F oy A B BH R R B 2 a9 B A 5 ) Bk
FA BTG 5 A AT 3T 547, 0 R 5250 A B ARRB AT HORAEA 09 A RS AT T R, BRAN  BAPRH LA T WIFRE K E N R R e iiAe
HF IR BRI, T AT R Sk a9 {ILIR JE 29 % 362 T, Rt A T AR HAE Sk a9 (B A 143 TR bR @ ey R A B 3 g sE ¥
GARYA, FALEER RN ZRSH R RS, RRXAA LA A 116 MPa, Rih A L EEAAR R A ZIABEHA S FOW RESH , RKEA
Ji 7y A 34 MPa; 85 4 5 /) B T )6 B, AL T B IF B SRS IR 4 o ey g LA, ROR AR L) 2. 817 mm, Rdh B T BT 49 AL A TAE
W, KR HEEAL0.008 1 mm, Tk B # A SEH EHUF A NAK, B A ZOs D B IR R A T, RSB R T ERERRAZ,

KEER  MARFERR ARLEN BEY BAEE KALEH
PEHXKES:TG456.9  CEkARIAFAD:A

Numerical Analysis of Micro Stir Friction Welding of 1060-H24 Pure Aluminum
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A sequential thermodynamic coupling numerical model was established using ABAQUS finite element software to comparatively analyze the

temperature field, stress and joint residual deformation distribution of the miniature friction stir welding process under two stirring tools, shoul-
der and shoulderless, and the boundary conditions of the heat source model were calibrated using experimental thermocouple temperature meas-
urement. The results show that:the welded joints under the two stirring tools experience different temperatures of the welding thermal cycle, the
measured peak temperature of the shoulder tool welded joints is about 362 C, while the peak temperature of the welded joints of shoulderless tool
is only 143 °C; the residual stress on the surface of the welded parts is symmetrically distributed in the center of the weld seam, and the shoulder
tool residual stress is distributed in the platform of the shoulder region, and the maximum residual stress is 116 MPa. The residual stress on the
shoulderless tool is distributed in a spike centered on the stirring needle, with a maximum residual stress of 34 MPa. The residual stress reflects
the post-weld deformation, with the thin plate welded by the shoulder tool bulging upwards in the direction of the weld, with a maximum deflection
of 2. 817 mm. The thin plate welded by the shoulderless tool has no visible deformation, and the maximum deflection is only 0. 008 1 mm. There-
fore, the low heat input of the shoulderless miniature friction stir welding can effectively reduce the residual deformation of the thin-walled weld-
ment, and improve the dimensional accuracy and assembly quality of the weldment.
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Table 1 Chemical composition ( mass fraction/% ) of the base materials
Si Fe Cu Mg Mn Zn Ti v Al
0.15 0.20 0.05 0.03 0.03 0.05 0.03 0.03 Margin
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Fig.1 (a) Heat capture device, (b) schematic diagram of thermoelectric
coupling node and pressure sensor
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Fig.2 Schematic representation of the welding process, dimensions of the
stirring tool and surface topography of the weld
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Fig.4 Axial and transverse forces during the welding process: (a) shoulder
tool, (b) shoulderless tool
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Fig. 6  Temperature field distribution at ¢ = 30 s (a) shoulder tools,
(b) profile map, (c¢) shoulder-less tools
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Fig. 9 Plastic Stress field distribution of weldments at t=85 s:(a) shoulder
tool, (b) shoulderless tool; (c) surface plastic strain at shoulder tool X =
70 mm, (d) surface plastic strain at shoulder tool X=75 m
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(b) shoulderless tool
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