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Prediction and control on stamping multi-process precision transfer for
exhaust tail pipe based on GRA-RSM
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Abstract: In order to improve the forming quality of stainless steel exhaust tail pipe, a prediction and control method of stamping multi-process
precision transfer based on deformation springback was proposed. Taking the root mean square springback value at the selected point cloud as the
precision evaluation index, considering the composite superposition effect of drawing and rolling processes on the workpiece springback value,
the influencing factors that were closed related to the evaluation index were screened out by the grey relational analysis method, the precision
transfer prediction model based on response surface method was established, and the transmission of the error caused by springback in the time
domain was characterized. Then, the above model was solved by the genetic algorithm, and the optimal process parameters of drawing and rolling
processes were obtained, which reduced the maximum springback value of the exhaust tail pipe after forming by 13. 2% and the root mean square
springback value by 12.2%. Thus, the difference of springback values at various measuring points was reduced, which effectively improved the
forming precision of the exhaust tail pipe and was beneficial to improve the quality stability for the subsequent welding process.

Key words: exhaust tail pipe; springback; grey correlation analysis; transfer model; precision prediction
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Fig. 1 Model drawing of exhaust tail pipe
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Fig. 2 Diagram of broken specimen by uniaxial tension
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Table 1 Material properties of SUS436MT stainless steel
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Fig. 3 True stress-true strain curve of SUS436MT stainless steel
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Fig. 4 Feature diagram of blank shape and position points
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Fig. 5 Finite element model of drawing process
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Fig. 6 Finite element model of coiling process
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Fig. 7 Free springback values in multi-process forming process
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Fig. 8 Flow chart of experiment
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Table 2 Process parameters of each process
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Table 3 Grey correlation degree of each process parameter
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Table 4 Factors and levels of experiment
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Table 5 Scheme and results of Box-Behnken experiment
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