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modern techniques for springback reduction: low-frequency and ultrasonic vibration assistance, using the finite
element method. The model was developed and validated against experimental data for three alloys: CK65, AA6061,
and AA3105. The results demonstrated that both techniques effectively reduce springback compared to the
conventional non-vibration base case. Quantitatively, low-frequency vibration alone achieved a significant 15% to
35% reduction in springback. However, ultrasonic vibration assistance, leveraging the acoustic softening mechanism,
consistently outperformed low-frequency vibration, enhancing the springback reduction by an average of 54% to
117% compared to the low-frequency method. The performance gap between the two techniques widened for
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Fig. 1 Illustration of punch movement and vibration
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Fig. 2 Simulated model view of die, punch, and sheet
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Table 1 Mechanical properties of the alloys used

Density Yield stress Young's modulus .
material
kg/m® MPa GPa
7850 490 210 CK65
2720 165 70 AA3105
2700 276 68 AA6061
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Fig. 3 Applying vibration for a frequency of 100 Hz in the software, on
the punch.
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Equivalent stress [MPa] = uivalent stress [MPa]
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Fig. 5 Stress and deformation distribution after the process with regard to
the vibration duration for CK65 sheet (ty: vibration duration)
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Fig. 7 Springback amount after the forming process, based on vibration
duration according to experimental study and finite element analysis for
AA3105 sheet
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Fig. 8 Springback amount after the forming process, based on vibration
duration according to experimental study and finite element analysis for
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duration according to experimental study and finite element analysis for
CK65 sheet
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