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Numerical Simulation of Transient Response Process of L, Aluminum Sheet
by Laser Loading High-speed Forming
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Abstract; The high-speed forming process of L, aluminum sheet by laser loading was numerically
simulated with the finite element software ABAQUS. In the simulation, the transient response process of
the forming by single laser loading was investigated, and the change rules of the characteristics, such as
displacement, velocity, strain and strain rate, were discussed. The results indicated that an obvious
plastic deformation occurred in the central part of the target after the laser loading, and the cross sections
thereof were conical. During the process of high-speed forming, the metal sheet underwent a rapid elastic
deformation with large oscillation amplitude, and then attenuated into a static state. In the laser forming,
the deformation duration was usually at a level of a few microseconds. The displacements at the different
nodes varied in a similar trend, among which those in the central region endured larger variations than
those in the boundary region. The maximum speed in the central region of the aluminum sheet reach
3 700 m/s during the laser forming. The strain rate increased considerably in the period of 2 ps during
the forming, whose maximum value is at a level of 10' ~10° s,

Key words: Laser technique; Laser loading; High-speed forming; Transient response; Characteristics;
Numerical simulation
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Table 1 Material components of Al L, (mass fraction, %)

Chemical constituents  Cu Si Mn Mg 1

x2 L famklitgesE
Table 2 Properties of Al L,

Yield strength/MPa 120
Tensile strength/MPa 80~100
Hardness/HB 2~2.9
Elastic modulus/GPa 28.9
Density/(kg * m*) 2 700

Thermal conductivity/(W « m ' C) 237
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Fig. 1 Energy distribution of output laser beam
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Fig.3 Finite element mesh of the metal sheet
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Fig. 4 Schematic of the pressure loading
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Fig. 5 Deformation of different views after the laser loading
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Fig. 6 Simulated profile and experimental plastic deformation of the target after laser loading
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Fig. 8 Displacement variation of the central node
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Fig. 9 Chosen nodes on the target surface
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Fig. 10 Displacement variations of different nodes
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Fig. 11 Velocity variation of the central node
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Fig. 12  Strain variation of the central node
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