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Abstract

This paper presents a multi-physics field simulation model for nanosecond pulsed laser cutting of
carbon fiber reinforced plastic (CFRP) composites to analyze the effects of laser parameters on the
temperature distribution and processing outcomes of CFRP. By comparing the impact of different
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pulse overlap rates on the heat-affected zone and cutting depth, it was determined that a 50% pulse
overlap rate yielded superior machining results. In the experimental section, cutting tests on CFRP
were conducted to validate the simulation conclusions. The study examined the influence of varying
pulse energy densities on machining performance under a 50% pulse overlap rate. Experimental
results show that the optimal cutting effect is achieved when the pulse energy density is 203.8 J/cm?,
with 18 laser scans. These findings offer valuable theoretical insights and practical guidelines for
optimizing nanosecond pulsed laser cutting of CFRP.
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Table 1. Material parameters
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Figure 1. Two-dimensional mechanism of CFRP cutting by nanosecond pulsed laser
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Figure 2. Schematic diagram of CFRP geometric model; (a) matrix (b) side view (c) fiber
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Table 2. Single pulse energy density and pulse heavy rate under different laser parameters
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Figure 3. Influence of laser parameters on heat affected zone and processing depth of CFRP
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Figure 4. Heat accumulation temperature distribution at different pulse overlap rates; (a) Pulse overlap rate of 30% (b) pulse
overlap rate of 50% (c) pulse overlap rate of 70%
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Figure 5. Influence of laser scanning for 5 times on materials under different monopulse energies; (a) Effect of pulse overlap
rate on heat accumulation temperature; (b) Effect of pulse overlap rate on cutting depth
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Figure 6. Morphology of monopulse energy density 152.8 J/cm? after five laser scans; (a) Pulse overlap rate of 40% (b) pulse
overlap rate of 50% (c) pulse overlap rate of 60%
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Figure 7. Three-dimensional morphology of CFRP after laser scanning
7. B¢ CFRP BN = SHE
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Figure 8. Microscopic topographies of Groups A, C, and E
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Figure 9. Morphology of laser scanning with pulse overlap rate of 50%; (a) monopulse energy density 101.9 J/cm?, laser
scanning 22 times (b) monopulse energy density 152.8 J/cm?, laser scanning 30 times (c) monopulse energy density 203.8
J/icm?, laser scanning 18 times
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