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Perforation effect of CW laser irradiation on

aluminum alloy under subsonic flow

Zhang Xiaoteng, Li Zewen', Zhou Yiging, Shen Zhonghua
(School of Science, Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract: The perforation effect of laser irradiated target is different under different airflow velocity. The
perforation effect of 7075 aluminum alloy irradiated by 1070 nm CW laser under subsonic airflow(0-0.7 Ma) was
experimentally studied. The temperature history, perforation time, perforation aperture and surface morphology of
the center point of the aluminum alloy were analyzed. The results show that under the same airflow velocity, with
the increase of the incident laser power density, the temperature rise rate of the aluminum alloy surface increases
and the equilibrium temperature of the final melting layer increases. The perforation time of aluminum alloy
decreases exponentially; the increase rate of pore size decreases exponentially. At the same laser power density,
with the increase of airflow velocity, the perforation time of aluminum alloy increases first and then decreases to a
stable and then increases. Both the removal rate of melt and the cooling effect of airflow lead to the longest
perforation time near 0.1 Ma and the shortest perforation time near 0.3 Ma. The perforation time of 0.6 Ma is
roughly equal to that of 0 Ma about 5.5 s. With the increase of airflow velocity, the cooling effect increases, and
there is no perforation in the aluminum alloy after 0.7 Ma. Convection cooling leads to rapid condensation of the

melt, and the removed melt concentrates in the downstream area of the airflow.
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Tab.1 Experimental parameters: Laser power density and airflow velocity

Type of material Sample number

Laser power density/W-cm Air velocity/Ma

1-5 691
6-10 751
11-15 834
7075 aluminum alloy 0.6
16-20 892
21-25 951
26-30 1020
31-35 0
36-40 0.1
41-45 0.2
46-50 0.3
7075 aluminum alloy 691
51-55 04
56~60 0.5
61-65 0.6
66-70 0.7
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Fig.3 Surface morphology of aluminum alloy at different laser power density of 834 W/cm?® under 0.6 Ma airflow
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Fig.5 Temperature rise process at the center point of aluminum alloy
under the action of airflow at 0.6 Ma and laser power density of

834 W/cm®
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Fig.6 Temperature rise history of aluminum alloy center under laser

irradiation with different power densities under 0.6 Ma airflow
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Fig.7 Ablation morphology of 7075 aluminum alloy under 0.6 Ma airflow
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point (b) at 0 Ma and 0.1 Ma at laser power density 691 W/em®
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Fig.13 Laser irradiation of 7075 aluminum alloy at 691 W/cm? laser power density. (a) Ablation morphology at 0.1 Ma; (b) Ablation morphology at

0.2 Ma; (c) Ablation morphology at 0.3 Ma
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Fig.15 Laser irradiation of 7075 aluminum alloy at 691 W/cm? laser power density. (a) 0.3 Ma ablation morphology; (b) 0.4 Ma ablation morphology;

(c) 0.5 Ma ablation morphology
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