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Experimental Study of Elastic Prestressed Ultrasonic Peen Forming on Aluminum Alloy
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Abstract: Ultrasonic shot peening is a new type of forming technology with many merits such as operability, low energy
consumption and good comprehensive performance, which is widely used in sheet metal forming process. The elastic
prestressed ultrasonic peen forming method was put forward due to the spherical deformation during ultrasonic peen forming
process in the free state. The effects of prestressed moment, forming trajectory and plate thickness on forming curvature radius
and forming performance were investigated for 2024-T351 aluminum alloy wall panel. The elastic prebending curvature was
achieved by controlling the prebending curvature through the span wise direction of the plate. Results show that prestressed
ultrasonic peen forming can significantly reduce the curvature radius through the span wise direction and increase the
curvature radius through the chord wise direction. Meanwhile, the variation range is increased with descending prebending
curvature radius. Larger residual stress and bigger influence depth of residual stress appear in prestressed ultrasonic peen
forming compared with that of the free state. The surface roughness increases with ascending prebending curvature. Therefore,
the elastic prestressed ultrasonic peen forming can further improve the forming curvature and decrease the spherical
deformation tendency to a certain extent, which has a great significance to the forming process of plate with the large
deformation, large thickness and single curvature.
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Fig.3 Prebending molds with curvature radius Rp 0f 400, 600 and 1 200 mm, respectively
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Table 1 Chemical composition of 2024-T351 aluminum alloy

R, > (11)

(W/%)
Element Si Fe Cu Mn Mg
Content 0.5 0.5 38-49 03-09 12-18
Element Cr Zn Ti Al
Content 0.1 0.25 0.15 Bal.

F®2 2024-TIHSIEEEHFEMEE
Table 2 Mechanical properties of 2024-T351 aluminum alloy

Parameters Values
Tensile strength, o, / MPa 470
Yield strength, o, / MPa 325
Elongation, /% 10
Fatigue strength, o_; / MPa 105
Hardness HB / (N-mm™") 120
Elastic modulus, £ / GPa 68
Density, p / (kg- m™) 2770
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Table 3 Value of arc height and radius of curvature under different prebending conditions

Radius of prebend, Prebending moment, Surface stress,

Resulting arc height / mm

Forming radius of curvature / mm

R,/ mm M/ (N-mm) g/ MPa Span wise Chord wise Span wise Chord wise
+o0 0 0 1.099 0.126 1137 2470
1200 73.8 70.8 1587 0.106 788 2947
600 147.6 141.6 2.219 0.088 563 3551
400 2214 212.4 2.754 0.078 454 4020
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Table 4 Surface roughness Ra of raw material and peened specimen under different prebending conditions

Surface roughness, Ra / um

Radius of prebend, R,/ mm

1 2 3 4 5 6 7 8 Average
+o0 1.029 1.153 1.066 0.986 1.095 1.092 1.161 1.158 1.093
1200 1.124 1.146 1.153 1.209 1.056 1.193 0.997 1.161 1.130
600 1.035 0.892 1.019 0.934 0.995 1.037 1.109 1.114 1.017
400 0.979 0.954 1.024 0.923 0.823 0.792 1.04 0.892 0.928
Raw materials 0.587 0.509 0.624 0.563 0.517 0.569 0.521 0.605 0.562
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