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Analysis of Damage Behavior of 2024 Aluminum Alloy Substrate during
Pulsed Laser Cleaning
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Abstract: During laser cleaning of aircraft skin aluminum alloy, excessive laser fluence can cause substrate damage, and
clarifying the damage behavior and thresholds is essential for process parameter optimization. In this study, the damage be-
havior of 2024 aluminum alloy substrate during 1064 nm pulsed laser cleaning was investigated. The variation of substrate
surface roughness under different laser fluences was analyzed by laser confocal microscope, the microscopic characteristics
of damage were observed by scanning electron microscope, the melting and spattering damage thresholds were calculated,
the microhardness of the substrate surface after laser irradiation was measured, and the phase composition was analyzed by
X-ray diffraction. The results show that: (1) with the increase of laser fluence, the substrate damage sequentially manifests as
fine pits, localized melting, full melting, and spattering, with the melting threshold of 19.15 J/cm? and the spattering thresh-
old of 24.69 J/cm?; (2) the substrate surface hardness exhibits a trend of initial decrease, subsequent increase, and final de-
crease, decreasing from 40.95 HV to 34.83 HV at 15.279 J/cm?, increasing to 76.6 HV at 25.465 J/cm?, and decreasing again
beyond the spattering threshold; (3) new phases of CrC, CrO.87, and AIN are generated on the substrate surface at a fluence
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0f 50.929 J/cm?, contributing additionally to the increase in surface hardness.
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Table 1 2024 aluminum alloy composition table (wt. %)

Cu Mg Mn Si Zn Cr Ti Al
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Fig. 1 Schematic diagram of laser cleaning system
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Table 2 Laser cleaning process parameters table
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Table 3 Laser fluence corresponding to different laser power
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Fig.2 The three-dimensional morphology of the substrate after laser fluence surface scanning
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Fig.3 SEM images of the substrate surface after scanning with differ-

ent laser fluence levels
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Fig. 4 The relationship between substrate surface microhardness and

laser fluence
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Fig. 5 XRD diffraction peak images of substrate surface before and after laser irradiation
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