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Crack analysis and structural optimization on incremental press bending process
for non-uniform thickness plate of 2195 aluminum-lithium alloy
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Abstract: For the cracks occurred at the intersection of bosses, holes and ribs in the incremental press bending process for non-uniform
thickness plate of 2195 aluminum-lithium alloy, the finite element analysis was performed by ABAQUS, and it was determined that these
cracks were generated by the shear deformation caused by shear force and the stress state at the fracture location was triaxial tensile stress,
which accelerated the fracture of the plate. Then, based on the simulation results and production conditions, it was proposed to alleviate the
uneven stress distribution and the shear plastic deformation caused by excessive thickness differences through a gradual thickness transition in
skin at the blank boss interface, which enhanced the structural strength and stability of this area and reduced the fracture risk caused by
stress concentration. Furthermore, the optimized scheme was subjected to finite element analysis by ABAQUS. The results show that the distri-
butions of Mises equivalent stress, normal stress and shear stress after optimization are more uniform. The stress at the original crack location is
significantly reduced, the crack resistance of the material is effectively improved, and the products meeting the requirements are processed.
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Fig. 1 Location (a), morphology (b) and section (c) of cracks
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Table 1 Mechanical performance parameters of

2195 aluminum-lithium alloy plate
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GPa ( g ccm ) MPa MPa
BIE 76 2.72 150 450 0.33

HARE, 98 J5 4 5 BE B A BB 5 A ABAQUS H A
H, SEMUETITE

o T T2 e B 3 2 A T I8 X
JEX GHX 2 Fab, Frih, BO5 BN 6 R pg
BRI, RN 3 mm, RN



574

BRARIRAE . 2195 S S AR R BERR i R 25 MU T 2R S 45t ik 69

BRFAT 25 A 4 TUTASE A7 i T ol = B R AN [ 3 Fir
N, BB S5SEENEREZHN 159 mm,

E

/ AN
W
Vo i

&3 =4y EARA

Fig. 3 3D simulation model
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Fig. 5  Stress distributions at cross-section of crack
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Fig. 6 Schematic diagrams of compressive stress (a) and tensile

stress (b) on slip surface
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Fig. 12 Stress distributions at original fracture location after optimization
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