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Research on process of preparing aluminum foam sandwich
panels by friction stir welding
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Abstract: The aluminum foam sandwich ( AFS) panel preforms were prepared using the friction stir welding process, and the effects of
welding speed, feed speed, rotation welding direction and powder placement position on the AFS panel preform were investigated. The
formability of AFS panel preforms at different temperatures was studied through uniaxial tensile tests. Metallographic images of the cross-
sections and cell morphology of AFS panel preform joints under various welding parameters and foaming conditions were observed and ana-
lyzed. The microstructure and composition of the AFS panel preform were examined using X-ray energy dispersive spectrometer and scan-
ning electron microscope. Additionally, the FLUENT software was used to simulate the temperature field and foaming process during the
preparation of the AFS panel preform. The results indicate that an AFS panel preform joint with uniformly mixed powder and plate is ob-
tained when the welding rotation speed is 1500 r + min™" and the feed speed is 30 mm - min~'. Welding in the retreating side direction ef-
fectively eliminates crescent-shaped powder-free regions. As the deformation temperature increases, the elongation of the AFS panel pre-
form first rises and then decreases, reaching the maximum of 78% at the foaming temperature of 400 C. Additionally, the aluminum foam

sandwich panels with uniform pore structure were achieved at the foaming temperature of 680 °C and holding time of 190 s.
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Tab.1 Chemical composition of 7075-O aluminum alloy

plate ( %, mass fraction)

Elements Zn Mg Cu Mn Fe Al

Content 5.33 2.27 1.8 <0.03 0.28 Balance

&2 7075-0 SAE &M NFHERE
Tab.2 Mechanical properties of 7075-O aluminum alloy

plate
Tensile Yield
Elongation/  Hardness/
Parameters strength/ strength/
% HV
MPa MPa
Value 207 95 21.4 56.7
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Fig. 1  Comparison between original and oxidized TiH, poder powder

(a) Color of original TiH, powder  (b) Color of oxidized TiH, powder

(¢) DSC curve of original TiH, powder

(d) DSC curve of oxidized TiH, powder
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Fig. 2 Schematic diagram of process for AFS panels preform by friction
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Fig. 3 Friction stir welding device physical drawing
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Fig. 8 Effect of welding rotation speed and feed speed on AFS panel preforms

O] ®

PO VRN B SR B X ARS R TR £ 4 5 1)
(a) .5mm (b) 2mm (c¢) 225mm (d) 3mm (e) 3.5mm (f) 4 mm
Fig. 9  Effect of stack welding spacing along forward side on AFS panel preforms
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Fig. 10  Effect of stack welding powder position along setback side on AFS panel preforms
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Fig. 12 SEM images with strain of 0. 15 after tensile deformation at 400 C
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Fig. 13 EDS analysis with strain of 0. 15 after tensile deformation
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Fig. 14 Evolution of cell microstructure morphology at 660 °C with different holding time

B 15 680 °C AR 1] T i FLLALSUR 50 B 3 AR

(a) 120s  (b) 150 s

(c) 180 s

(d) 195s (e) 210s

Fig. 15 Evolution of cell microstructure morphology at 680 °C with different holding time
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Fig. 17  Microstructure and morphology of cell at 680 °C for 190 s
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Fig. 18 Numerical simulation temperature field cloud maps of horizontal cross-section of aluminum foam precast billet with different welding speeds
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Fig. 21  Simulation of rising process of bubble group
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