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Abstract: To reveal ablation characteristics and damage mechanism of difficult-to-machine
material processed by ultra-fast pulse laser, the ablation threshold, ablation morphology and
interaction mechanism of titanium alloy are investigated by picosecond pulse laser. Focusing on
the linear dependence of laser energy density on the ablation area, the threshold fluence of ultra-
fast pulse laser-induced ablation in titanium alloy is determined. The ablation morphologies of
titanium alloy surface under the different laser parameters are observationally analyzed. The
interaction mechanism of titanium alloy processed by ultra-fast pulse laser is explained in detail
with the theories of avalanche ionization and multiphoton ionization, and the different ablation
zones are distinguished according to the ablation morphology and threshold fluence. The results
show that the ablation threshold of titanium alloy reaches 0. 109 J/cm?; the ablation quality of
titanium alloy processed by a picosecond pulse laser of 1 064 nm wavelength gets better than that

by 532 nm wavelength, and low repetition rate favors high-quality microstructure; the ablative
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central area has more uniform material removal, and the ablation crater has regular shape and

smooth surface. With increasing pulse number and laser energy, the accumulation of photon

energy increases, ablation dimension and morphological characteristics become more obvious, and

the ablation boundary becomes more distinct. It indicates that pulse number and accumulation of

photon energy are respectively one of the key factors for inducing surface microstructure. The

observed ablation zone can be divided into modified region, transition region, redeposition region

and ablation region. Multiphoton ionization dominates in the ablation region, while avalanche

ionization dominates in the modified, transition and redeposition regions.

Keywords: ultra-fast pulse laser; titanium alloy; ablation characteristics; interaction mechanism
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