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Stress-Based Springback Reduction of
an AHSS Front Side Member

J. H. Song, S. H. Kim, H. Huh, S. H. Park

Abstract

Optimization is carried out to determine process parameters which reduce the amount of springback and improve shape
accuracy of a deep drawn product in sheet metal forming process. The study uses the amount of stress deviation along the
thickness direction in the deep drawn product as an indicator of springback instead of springback simulation. The scheme
incorporates with an explicit elasto-plastic finite element method for calculation of the final shape and the stress deviation.
The optimization method adopts the response surface method in order to seek for the optimum condition of the draw-bead
force. The present scheme is applied to the design of draw-bead force in a front side member formed with advanced high
strength steel (AHSS) sheets of DP60. Results show that design of process parameter is well performed to decrease the
stress deviation through the thickness and to reduce the amount of springback. The present analysis provides a guideline
in a design stage for controlling the springback based on the finite element simulation of the complicated parts.
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Finite Element Analysis
Input: Process Parameter

l‘—

Construction of Response Surface:
Objective function and Constraint

l

Calculation:
Optimum Searching with RSM

|Ad) < tolerance

Fig. 1 Schematic diagram of the optimization
procedure with the response surface method
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Fig. 2 Description of the outer panel in a front side
(a) geometric model; (b) Initial
setting of tools for the numerical analysis
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Fig. 3 Selection of design variable and design region
for the optimization of draw-bead force
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Fig. 4 Effect of the mass scaling and adaptive mesh:
(a) internal energy; (b) stress distribution
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Fig. 5 Variation of variables during the optimization
process in the design region 1: (a) objective
function and constraint; (b) design variable
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Table 1 Optimum restraining force of draw-bead

Design Draw-bead Design
Variable Force

Draw-bead
Variable Force

Variable 1 1151 N/mm || Variable 5 | 1141 N/mm

Variable 2 | 1054 N/mm || Variable 6 | 693 N/mm

Variable3 { 1174 N/mm |{ Variable 7 | 1189 N/mm

Variable 4 | 1102 N/mm }| Variable 8 | 1013 N/mm

v Major Strain (%)

\

—— FLD curve of DP 60
- - - - Constraint line
o Final Resuit

o

-20 -10 0 10 2'0
Minor Strain (%)

Fig. 6 Principal strain distribution after optimization

Fig. 7 Location of the designated sections used for the
comparison of optimized results
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Fig. 8 Comparison of the stress deviation along the
designated section 1-1’: (2) before optimization;
(b) after optimization
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Fig. 9 Comparison of the stress deviation along the

designated section 2-2’: (a) before optimization;
(b) after optimization
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