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Influence of ultrasonic vibration on surface properties for incremental
forming parts
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Abstract: In order to explore the influence of ultrasonic vibration on surface properties and surface morphology of incremental formed part,
the step size and ultrasonic vibration were selected as the experimental variables, and the influences of ultrasonic vibration on the surface
morphology (waviness, pit and surface roughness) and the surface properties (hardness and contact angle) of the formed parts were com-
prehensively analyzed. The results show that the ultrasonic vibration reduces the surface waviness height and changes the pit depth of
formed part. After applying ultrasonic vibration, the surface roughness of the formed parts decreases obviously, it decreases with the in-
creasing of step size, and the regular pits were observed on the surface of the formed parts. Compared with the original sheet, the hardness
of the incremental formed part is significantly increased, but the surface hardness of the formed part applied with ultrasonic vibration is
lower than that of the traditional formed part. Meanwhile, the hardness is increased with the increasing of the step size. After applying ul-
trasonic vibration, the contact angle can reach 112°, showing hydrophobicity.
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Fig. 1 Experimental platform for ultrasonic-assisted

incremental forming
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(a) Forming path of spiral feeding ~ (b) Sampling area and test points
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Table 1 Experimental parameters

SEHS AHE/mm BE/mm fRE/um AR/ KH
0. 20-NO 0.20 1 0 0
0.20-US 0.20 1 10 29
0. 10-US 0. 10 1 10 29
0. 05-US 0.05 1 10 29
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Fig. 3 Surface waviness morphology at step size of 0.2 mm

without ultrasonic vibration
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(a) 2D morphology along vertical feeding direction

(b) Number of waviness
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(a) Pit morphology ~ (b) Changing curve of pit depth with step size
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Fig. 7 Surface hardnesses under different step sizes
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