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Numerical and Experimental Study on Wrinkle Improvement in
Sheet-Metal Forming Process of APU Duct
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This study investigates wrinkle improvement in the sheet-metal forming process

Eec?ivgd ;3 II\XApril ;g;g of an APU duct with a complex curved geometry through numerical analysis and
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Accepted 18 May 2026 formmg experiments. The target compopent W2.3.S manufactur.ed from al.0
mm-thick SUS304 sheet. Material properties obtained from tensile testing were
applied to LS-DYNA. In the initial trial, severe wrinkles appeared in the central

Keywords: curved region, although the thickness distribution satisfied the allowable range.

APU duct ) Analysis results showed that the defect was caused by localized buckling due to

She_et r_netal forming in-plane compressive strain. Three bead configurations in the radial direction were

Wrinkling proposed and evaluated to suppress wrinkling. The optimal bead design

LS-DYNA effectively redistributed the material flow and reduced wrinkles in both the

Draw bead simulation and experiments under a 100 ton ram force and a 20 ton blank holder
force.
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Fig. 1 Overall concept of the APU and its functions
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Fig. 2 Configuration of the APU duct assembly
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Punch Die

Holder

Fig. 4 3D models of punch, die, blank, and holder
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Table 1 Mechanical properties of SUS304 based on engineering
stress and true stress

Category Engineering strength | True strength
Elastic modulus (GPa) 200 200
Yield strength (MPa) 410 415
Tensile strength (MPa) 685 1070
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Fig. 5 Wrinkle defect observed in the first forming trial
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Fig. 6 Simulation results of the initial forming process with
wrinkle occurrence: (a) displacement, (b) min principal
strain, (¢) x-y strain
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Fig. 7 (a) Basic concept diagram for wrinkle improvement and
(b) Proposed radial directed bead design of blank holder
for wrinkle improvement
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Fig. 8 Comparison of simulation results for each bead design
case

Table 2 Quantitative comparison of maximum X-Y strain and
wrinkled area ratio by bead design case

Category Max. x-y strain Wrinkled area ratio (%)
W/O bead -1.22E-02 25
Case 1 -1.30E-02 16
Case 2 -1.26E-02 13
Case 3 -8.00E-03 Under 3%
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Shell Thickness
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(b)
Fig. 9 (a) Formed part after applying the improved bead design,
and (b) simulated thickness distribution of the APU duct
(thickness deviation: £0.095 mm)
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(b)
Fig. 10 Final product after (a) trimmed inner part of APU duct
and (b) welded APU duct assembly
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