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Intensity Distribution Design for Laser-Induced Thermal Loading
Based on Numerical Simulation

SONG Hong-wei, LI Shao-xia, YU Gang
(Institute o f Mechanics, The Chinese Academy of Sciences, Beijing 100080, China)

Abstract To accomplish laser-induced thermal loading simulation tests for pistons, the Gaussian beam was
modulated into multi-circular beam with specific intensity distribution. A reverse method was proposed to design the
intensity distribution for the laser-induced thermal loading based on finite element (FE) analysis. Firstly, the FE
model is improved by alternating parameters of boundary conditions and thermal-physical properties of piston
material in a reasonable range, therefore it can simulate the experimental results of the originally designed shaping
lens. Secondly, with the validated FE model, the target temperature field is achieved by alternating the intensity
field and loading conditions, and the optimal design for the beam shaping lens is subsequently obtained. This reverse
design method bridges temperature field and intensity field. The results show that numerical simulation can reduce
design cycle and design expense efficiently. Meanwhile, this process can be taken as a kind of virtual experiment
which makes the thermal loading test more controllable and predictable.
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Fig. 3 Intensity distribution via original shaping lens
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Fig. 4 Comparison of numerical and experimental results
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Fig. 5 Instantaneous temperature field via

numerical simulation
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Fig. 6 Temperature fluctuation of laser-acting regions
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Fig. 7 Intensity distribution of optimized design
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