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Effects of spot size on the temperature response of an aluminum

alloy irradiated by a continuous laser
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(School of Materials Science and Engineering, Beijing Institute of Technology, Beijing 100081, China)
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Abstract: In order to investigate the temperature response and thermal damage of a 6061 aluminum alloy
after variations in spot size of continuous laser irradiation, a three-dimensional physical model under laser ir-
radiation was established based on ANSYS finite element software. First, we used different laser parameters
to carry out laser irradiation experiments, and then, based on the collected temperature and front surface
scattered light intensity data, we calculated the dynamic changes in the absorptivity of the target during laser
irradiation. Finally, the optimized model was used to analyze the temperature rise characteristics of the target
irradiated by lasers at different spot sizes. The research results show that the absorption rate of the material
increases with an increase in temperature under 1000 W/cm? laser irradiation. Due to the localized character-
istics of laser loading, lateral thermal diffusion affects the longitudinal temperature rise, and its effect be-

comes smaller when the spot is larger, as related with the alloy’s thermal diffusion length. For the 6061 alu-
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minum alloy material with a thickness of 4 mm, when the spot size is greater than 10 cm, the effect of the

spot’s size is negligible, and the time threshold of fusion damage on the back surface of the target remains

unchanged at 2.6 s.

Key words: Laser irradiation; Numerical simulation; Temperature field; Spot size
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Tab.1 Composition of 6061 aluminum alloy (%)

wMg) w(Si) w(Mn) w(Fe) w(Cr) w(Cu) w(Zn) w(Al)

1.06 0.53 0.43 038  0.17 0.33 016 RE
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Tab. 2 Surface heat transfer coefficients of 6061 aluminum alloy at different temperatures

T/(C) 20 100

200

300 400 500 600 700

R/ W/m?°C) 8.22 11.0

13.7 23.2 33.4 46.8 58.0 68.5
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