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Abstract In this paper, the stochastic distribution of the springback amount is investigated for the
stamping process of a U-channel shaped-product with ultra-high strength steel. Using the
reliability-based design optimization technique (RBDO), stochastic distribution of process
parameters is considered in the analysis including material properties and process variation.
Quantification of the springback scatters is carried out with the statistical analysis method
according to the material strength. It is found that the scattering amount of springback decreases
while the amount of springback increases as the tensile strength of the blank material increases,
which is investigated by analyzing the strain and stress distribution of the punch and die shoulder.
It is noted that the proposed scheme is capable of predicting and responding to the unavoidable
scattering of springback in the sheet metal forming process.
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Fig. 1. Shape and dimensions of the U-type
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Fig. 2. Finite element model of the stamping analysis
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Fig. 3. Location of the fixing points in the
springback analysis and definition of the
springback amount
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K (MPa) 1320 1532 1707 2330
n 0.158 0.111 0.085 0.04 Table 3. Contribution levels of th bl
o 00012 0.001 0001 00011 able 3. Contri utlop evels of the process variables
to the springback values with respect to
" 0.99 0.97 0.89 0.80 ) )
the ultimate tensile strength of blank sheet
Table 2. Amount of scattering for the process variables DP780 DP9B0 | TRIP1180 | MART1470
Process vs uTS ‘ PE YS(%) 374 29.8 39.7 24.8
variable I o
Avorage UTS(%) 72 102 47 5.0
- - Tmm 30kN 0.15
value (%) 439 423 228 24.9
j;avrl‘ad“ag: 4% 3% 1% | 3.33% | 3.33% PF(%) 24 41 20 09
Perturbation | 41000 | se | 45% | +10% | +10% 14(%) 11 22 4.9 0.9
amount
R? 0.889 0.876 0.760 0.719
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Fig. 4. Probability plot of the springback amount
with respect to the ultimate tensile
strength of blank sheet
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Fig. 5. Probability plot of the normalized springback
deviation with respect to the ultimate
tensile strength of blank sheet
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Fig. 6. Measuring location of the deformation
amount such as plastic strain and stress
at the punch shoulder(1,2,3) and die
shoulder(4,5,6)
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Fig. 7. Probability plot of effective strain and stress
at the punch shoulder with respect to the
ultimate tensile strength of blank sheet
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ultimate tensile strength of blank sheet
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