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Influence of Nanosecond Laser Pulse Width on Damage Characteristics of

2024 Aluminum Alloy

YANG Wenfeng LI Tianquan LIN Dehui LI Shaolong YANG Fan
(Civil Aircraft Composites Maintenance Research Center, Civil Aviation Flight University of China, Guanghan 618307)

Abstract  Aircraft laser paint removal might cause potential damage to the 2024 aluminum alloy skin. It was
necessary to explore the effect of laser parameter changes on the surface of the matrix material, in which the pulse
width had an important impact on the laser—material interaction and material damage characteristics. In this paper,
the temperature rise characteristics of the aluminum alloy surface exposed to laser with different pulse width were
simulated and analyzed by COMSOL Multiphysics software, and the ISO 11254 1-on—1 laser damage threshold test
method was used to reveal the influence of pulse width on aluminum alloy damage threshold. Furthermore, the
micro—morphology, diameter and depth of ablation pits were further analyzed under different pulse widths. The
results show that the peak temperature of aluminum alloy surface decreases with the increase of pulse width. When
the pulse width increases from 150 ns to 240 and 330 ns, the damage threshold of aluminum alloy increases from
9.96 J/cm® to 11. 24 and 12. 66 J/cm?®, respectively. The laser energy density reaches the damage threshold, the 3
pm thick oxide film is completely damaged, which destroys the surface integrity of the aluminum alloy. The diameter
and depth of the ablation pits increase with the increase of the pulse width, and the depth is more affected. This
research can provide a reference for the selection of pulse width for the interaction between laser and materials.

Key words Pulse width, Temperature rise characteristics , Damage threshold, Ablation pit
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Fig. 1  Cross—sectional microscopic topography of 2024
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Fig. 2 The relationship between thermal conductivity, specific
heat capacity and temperature of 2024 aluminum alloy
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Tab.2 Relevant calculation parameters of 2024 aluminum

alloy
Density p Absorption Latent heat of ~ Melting point T
kg m™ coefficient A melting L /J-¢”' /K
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with time
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Fig. 7 3D topography of ablated pits with different pulse widths
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