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Defects and tensile properties of friction stir welded lap joints for
dissimilar high-strength aluminum alloys

SONG You-bao, YANG Xin-qin, CUI Lei, SHEN Zhi-kang, HOU Xiao-peng

(Tianjin Key Laboratory of Advanced Joining Technology, School of Materials Science and Engineering,
Tianjin University, Tianjin 300072, China)

Abstract: Lap joints of 5 mm-thick dissimilar 2024/7075 aluminum alloys were fabricated by friction stir welding (FSW)
with changing the top and bottom sheet material position. The defect features and tensile properties of the joints were
compared and analyzed. The results show that the defects and tensile properties are significantly affected by material
position and welding speed. When 2024 alloy is placed as the top sheet, extensive void defects are found in the joints, the
weld surface is coarse and severe peeling defect appears at 300 mm/min especially. As a typical defect in the lap joints,
hook extends a large distance upwards at low welding speeds (50,150 mm/min). At high welding speeds (225, 300
mm/min), the retreating side hook propagates largely into the stir zone horizontally when 7075 alloy acts as the top sheet.
At low welding speeds, the joint strength is higher when 7075 alloy acts as the top sheet. While the joint shows higher
strength at high welding speeds when 2024 alloy is placed as the top sheet. The hook defect reduces the effective sheet
thickness (EST) and effective lap width (ELW) of joints severely, which is the main factor reducing the joint strength. So,
the EST as well as the ELW should be increased simultaneously to optimize the friction stir lap welding process.
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Table 1 Chemical compositions of 2024 and 7075 Al alloys

(mass fraction, %)

Material Cu Zn Mg Si Fe Mn Ti Cr Al

2024 40 025 12 05 05 0.6 0.15 — Bal

7075 1.6 57 24 04 06 03 — 02 Bal

FR2 2024 F1 7075 HA 4RI 1R RE
Table 2 Mechanical properties of 2024 and 7075 Al alloys

Yield Tensile
strength/MPa

Material Elongation/%

strength/MPa

2024-T3 369 477 18

7075-T6 417 464 12
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Fig. 1 Shape and size of lap shear specimens and spacers

(Unit: mm)
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Fig. 2 Surface appearance of welds obtained at 300 mm/min:
(a) 2024 alloy, top; (b) 7075 alloy, top
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Fig. 3 Typical transverse cross sections of lap joints at different welding speeds: (a) 2024 alloy, top, 50 mm/min; (b) 2024 alloy, top,
225 mm/min; (c) 7075 alloy, top, 50 mm/min; (d) 7075 alloy, top, 225 mm/min
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Fig. 4 High magnification morphologies of hooking defect at high welding speed of 225 mm/min: (a) AS, 2024 alloy, top; (b) RS,

2024 alloy, top; (c) AS, 7075 alloy, top; (d) RS, 7075 alloy, top
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Fig. 5 Morphologies of voids (a) and lack of bond defects (b)
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Fig. 7 Fracture modes of lap shear specimens at different welding speeds: (a) Tensile mode, 50 mm/min, 2024 alloy, top; (b)
Tensile mode, 50 mm/min,7075 alloy, top; (c) Shear mode, 225 mm/min, 7075 alloy, top; (d) Mix mode, 300 mm/min, 7075 alloy,

top
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Fig. 8 Fractographs of lap joints at welding speed of 300 mm/min: (a) 2024 alloy, top; (b) 7075 alloy, top
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