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Optimization of Initial Blank Shape of Multi-stage Deep
Drawing for Improvement of Formability

Sa-Rang Lee, Sang-Min Park, Seokmoo Hong’
Department of Metal Mold Design Engineering, Kongju National University
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Abstract Multi-stage deep drawing is a widely used industrial manufacturing process, and its applications are
gradually expanding to both small products and large metallic products. The USB C-type socket used in smart phones,
for example, is manufactured using oval multi-stage deep drawing. The socket is very small and slender and it
requires precise manufacturing. The thickness distribution of the final product is guaranteed only if it is uniform
throughout the overall process. Therefore, minimizing the height difference between long and short sidewalls after the
first operation is important for this goal. An initial blank optimization was performed for an oval-type drawing process
based on finite element simulations. The goal was to determine an initial blank geometry that can maintain uniform
height and thickness after the first draw operation. The initial blank shape of the sheet metal was optimized, and the
results show that it satisfied the conditions of minimal thickness reduction and even thickness distribution. The
geometry from the optimized simulation was compared with experimental results, which showed good agreement.
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Fig. 2. Shape of multi-stage deep drawing
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Table 1. Material properties of SUS304

Parameters SUS304
Young’s Modulus (GPa) 207
Yield Stress (MPa) 239
Poisson’s Ratio (1) 0.28
Hardening Exponent (n) 0.502
Anisotropic Parameter (R) 1.01

Punch

Blank

Blank Holder

Die

Fig. 3. Modeling of 1% stamping
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Table 2. Objective function and constraints

Objective function Mininize F(x) = ABS(Ah)

8.5 < EX12 < 10.5

Constraint 8.5 < EXI13 < 10.5

Thinning < 25

Blank shape
CAD date

|

Modify shape of Run simulation
initial blank (op10)

Run next stage
simulation

1/4 model

Fig. 6. Process of optimization

Table 3. Initial vs. optimal design variables

Initial Optimal

px 10 11.28
Design variables
py 10.8 11.29
Objective Ah 13 0.4
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