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Abstract

Addressing the issue of flanging cracking in a certain automobile SUEA rail, finite element simula-
tions were conducted using Autoform software to systematically analyze the fracture forming mech-
anism of the rail and reveal the primary causes of the cracking defect. The results indicate that the
fracture occurs in the concave outer edge flanging area, where the material undergoes severe
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deformation, characterized by significant tangential elongation under the dominant effect of tan-
gential tensile stress. When the tangential tensile stress exceeds the forming limit of the sheet metal,
excessive thinning occurs, leading to fracture. Through the rational optimization of the process se-
quence and the key process parameters including friction coefficient, blank holder force, and draw-
bead restraining force, the majority of the part falls within the safe zone below the forming limit
curve. Consequently, the thinning rate, wrinkling tendency, and cracking risk are significantly im-
proved, thereby markedly enhancing the overall forming quality of the component.
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Table 1. Mechanical property parameters of 5182 aluminum alloy
F L5122 A EMEHEESH
PR RRIBEMP)  BURIREMPa) MR BELREe  BRRERN
5182 #& 120 280 20 2.73 0.93

Figure 1. Defect locations of the part: (a) Overall morphology; (b) Local morphology of the back side; (c) Local morphology
of the side face
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Figure 2. Simulation process of the workpiece operations

B 2. THIF&RIERE

Figure 3. Blank and stamping direction
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Figure 4. Forming limit diagrams for different processes: (a) Blanking process; (b) Drawing process; (c) Restriking process;
(d) Piercing process; (¢) Flanging process.
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Figure 5. Principal strain distribution contour
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Figure 6. Thinning distribution contour
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Figure 7. Maximum failure analysis contour
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Figure 8. Forming limit diagram
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Figure 9. Thinning distribution before and after optimization: (a) After optimization; (b) Before optimization
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Figure 10. Formability contour plots after optimization (a) Global formability contour plot after optimization (b) Local form-
ability contour plot after optimization (c) Local formability contour plot before optimization
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