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Soft Die Micro Bulging Assisted by Ultrasonic Vibration Using T2 Copper Foil
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ABSTRACT: The work aims to solve the unstable dimensional accuracy and shape accuracy of parts caused by size effect in
micro bulging process of foils and the reduction of forming limit caused by thinning of foils. In this work, micro bulging process

of multi-spherical cap structure for T2 copper foil was researched. By the comparison between rigid die bulging and ultrasonic
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vibration assisted soft die micro bulging, the change of forming quality and wall thickness reduction rate was studied. The ef-
fects of ultrasonic holding time on spherical cap morphology and bulging height were discussed. The effects of wall thickness of
copper foils on bulging quality were compared and analyzed. The results showed that the micro bulging process combining ul-
trasonic vibration and soft die could increase the bulging limit of spherical cap, promote deformation uniformity and improve
wall thickness distribution. Compared with rigid die micro bulging, the thinning ratio was decreased by 7% under the effects of
ultrasonic vibration. The fitness increased with the increase of ultrasonic holding time. The relative height of spherical cap was
increased by 0.1 mm when the holding time was 80 s. The bulging limit decreased with the decrease of wall thickness. The
forming quality and accuracy were the best when the wall thickness was 100 um. The bulging limit can be further improved
during ultrasonic vibration assisted soft die micro bulging process. The forming method combining ultrasonic vibration and soft
die can decrease the negative size effect, inhibit the excessive thinning in micro bulging of T2 copper foils and effectively im-
prove the bulging accuracy and forming limit.
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Tab.1 Experimental scheme of ultrasonic vibration assisted soft die micro bulging

Group Number Male die Holding time/s Foil thickness/um
1 Rigid die 80 20
1 2 Ultrasonic 80 20
Male die 3 EVA 80 20
4 Ultrasonic+EVA 80 20
5 Ultrasonic+EVA 0 100
) 6 Ultrasonic+EVA 20 100
Holding time 7 Ultrasonic+EVA 40 100
8 Ultrasonic+EVA 60 100
9 Ultrasonic+EVA 80 100
10 Ultrasonic+EVA 80 20
11 Ultrasonic+EVA 80 40
Foil th?ckness 12 Ultrasonic+EVA 80 60
13 Ultrasonic+EVA 80 80
14 Ultrasonic+EVA 80 100
1
1 mm/s 3.5 um
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Fig.1 Ultrasonic vibration assisted micro bulging device
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Fig.4 Comparison on spherical cap morphology under different bulging processes (20 um): a) rigid die micro bulging; b) ultra-
sonic vibration assisted micro bulging; c) soft die micro bulging; d) ultrasonic vibration assisted soft die micro bulging
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Fig.5 Comparison on morphology between rigid die micro bulging and ultrasonic vibration assisted soft die micro bulging
(100 um): a) rigid die micro bulging; b) ultrasonic vibration assisted soft die micro bulging
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Fig.7 Comparison on thickness distribution of spherical cap
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Fig.8 Morphology and laser confocal three-dimensional images of spherical caps under
different ultrasonic vibration holding times
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Fig.10 Morphology of micro bulging parts with different foil thicknesses
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Fig.11 Loading state comparison of foil: a) rigid die micro bulging; b) ultrasonic vibration assisted soft die micro bulging
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