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Numerical Simulation of Metal Sheet Velocity by
Laser Shock Forming with Semi-Die

Ren Aiguo Zhang Yongkang Jiang Yinfang Pei Xu Yu Shuisheng You Jian

(School of Mechanical Engineering . Jiangsu University, Zhenjiang . Jiangsu 212013, China)

Abstract The finite element software ABAQUS was used to simulate the processing of constant elastic alloy metal

sheet by laser shock waves with semi-die process. The effects of pulse laser energy on metal sheet movement velocity

and forming accuracy were investigated. The law of sample velocities in different regions at the same energy was
discussed. The results showed that there was no collision between the metal sheet and the concave die when the

energy was low. The central node vibrated around the equilibrium position, but the amplitude of vibration decreased
==

gradually and reached zero finally. When the energy was high. the metal sheet collided with the bottom of dies
severely, and then the sheet had a reverse movement. The velocity fluctuated slowly for some time and then reached
equilibrium state eventually. A good quality waveform sample could be obtained by adjusting pulse laser energies. It
was concluded that the software ABAQUS could predict metal sheet velocity in the laser shock forming (LSF)
process, and it provides the reference for further study on LSF.
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Table 1 Material components of constant elastic alloy 3]53 (mass fraction, %)

Chemical constituents Fe Ni Cr Ti Al C Mn Si
Content 47 41.0~43.5 4.9~5.75 2.2~2.75 0.30~0. 80 0. 06 0.8 1.0
2 [EEA 4 3153 MHLAK I BE — regi%rger region K9 glass cggitggt
Table 2 Mechanical properties of constant elastic second alloy sheet
alloy 3J53 arvlar region concave die
Constant elastic alloy 3J53 Properties
Elastic modulus E /GPa 177~191
Shear modulus G /GPa 64.0~73.5
Density d /(g/cm?) 8.0
Tensile strength o, /MPa 1373 1 O s 2B OR A BROG 47
Yield strength g,/MPa 750 Fig. 1 Finite element analysis model for LLSF with
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Fig. 3 Amplitude curve of laser shock wave loading
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Fig. 6 Velocity-time curves of different region

center-nodes at the laser pulse energy of 5 J
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Fig. 7 Skeleton drawing of the waveform sample obtained at the laser pulse energy of 5 ]
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center-nodes at the laser pulse energy of 15 ]
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Fig. 9 Skeleton drawing of the waveform sample obtained at the laser pulse energy of 15 ]
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Fig. 10 Skeleton drawing of the waveform sample obtained at the laser pulse energy of 12 ]
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