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Multi-objective Optimization to Reduce Wrinkle & Thinning in Sheet
Metal Forming of Ultra High Strength Steel (1.2GPa)
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Abstract
Recently, Ultra High Strength Steel (UHSS) sheet metal has been widely used to improve lightweight structures in the
automobile industry. Because UHSS sheets have high strength but low elongation, it is difficult to control winkle and thinning
for complex shaped products. The draw beads on die surface were introduced in this study to reduce wrinkle and thinning. The
positions and strength values of draw beads were selected as design variables and optimized using finite element analysis. The
beads positions and strength of a mold for B-pillar part were designed with the proposed optimization method. The accuracy of
die design from optimization was verified by comparing with the results from 3-D scanned geometry.
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Fig. 2 Finite element modeling for stamping

Table 1 Mechanical properties of TRIP

Parameters TRIP

K (MPa) 1704

£ 0.016

n 0.108

Young’s Modulus E (GPa) 210
Poisson’s ratio (1) 0.3

Specific weight (MPa/mm) 7.8E-05

Yield Stress (MPa) 1065

Tensile Stress (MPa) 1226

s At A=t ANES =9 TRIPA

(transformation induced plasticity steel) S A}-&3}3 o
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Fig. 4 Design variables: Bead position, Bead shape

Table 2 Design variables, objective functions and
constraints

Design Draw bead force
variables A B,C,D,E Fand G
Objective Minimize F(x) =
functions ABS (wrinkle, thinning)

4.63N < Draw bead force A < 215.62N

4.63N < Draw bead force B < 215.62N

4.63N < Draw bead force C < 215.62N

Constraints 4.63N < Draw bead force D < 215.62N

4.63N < Draw bead force E < 215.62N

4.63N < Draw bead force F < 215.62N

4.63N < Draw bead force G < 215.62N
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Table 3 1* Design of experiment

Bead A | BeadB | Bead C | Bead D Bead E Bead F Bead G
Case 1 50% 50% 50% 50% 50% 50% 50%
Case 2 5% 5% 5% 80% 42.5% 5% 61.25%
Case 3 80% 61.25% 80% 5% 5% 5% 80%
Case 4 80% 80% 80% 80% 61.25% 5% 5%
Case 5 23.75% 80% 5% 80% 5% 23.75% | 23.75%
Case 6 80% 5% 5% 5% 5% 5% 5%
Case 7 80% 5% 5% 80% 80% 23.75% 80%
Case 8 80% 80% 5% 80% 5% 80% 80%
Case 9 5% 5% 80% 23.75% 5% 5% 80%
Case 10 61.25% 5% 80% 80% 61.25% 80% 61.25%
Case 11 5% 80% 5% 5% 80% 42.5% 5%
Case 12 23.75% 5% 80% 23.75% | 23.75% 80% 5%
Case 13 80% 80% 61.25% 5% 80% 23.75% 80%

Thinning Measure : %

G I 10

F .4 2.7
E I 136

Dlo7

C I 23.5

B I 5.7

Al07

Fig. 5 Sensitivity analysis of thinning (1** Optimization)

Table 4 2" Design of experiment

Bead C Bead E Bead F
Case 1 5% 60% 40%
Case 2 5% 80% 5%
Case 3 5% 5% 80%
Case 4 80% 5% 5%
Case 5 80% 80% 80%
Case 6 80% 5% 80%
Case 7 80% 80% 5%
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Fig. 6 Sensitivity analysis of thinning (2" optimization)
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Fig.10 Production of B-pillar
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